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DANGER! 

Caustic Soda Can Cause Severe Burns to Skin and Eyes 

Caustic soda (also called lye or sodium hydroxide) attacks the skin and eyes rapidly. Even a 
small quantity of a dilute solution can severely injure the eyes or cause blindness. Overex- 
posure to caustic soda by way of skin burns or swallowing can cause death. 

Persons working with caustic soda should wear protective clothing and close-fitting 
goggles at all times. 

Caustic soda is a reactive chemical and can react with certain other chemicals and metals 
to produce explosions. 

Read Chapter 3 for more information on the hazards of caustic soda, on protective devices 
and on first aid. 

In case of emergency, call PPG Industries Chemicals Group Emergency Response Center in 
Natrium, West Virginia, (304) 843-1300. This telephone is manned, to answer 24 hours a day. 



EMERGENCY TELEPHONE NUMBER 
PPG INDUSTRIES. INC., NATRIUM. W.V. 


( 304 ) 843-1300 
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Chapter 1 

INTRODUCTION 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


PPG Industries Chemicals Group, one 
of the world’s largest producers and 
suppliers of caustic soda, has four 
caustic plants strategically located in 
the United States and Canada. These 
plants serve a large and highly diver- 
sified group of consumers located 
throughout North America and 
overseas. 

The combination of high-volume 
caustic soda production plus orienta- 
tion as a supplier of caustic soda to 
North America enables PPG to back 
up its product with a coordinated 
system of services important to all 
caustic soda consumers: 

• A network of 10 bulk terminals for 

shipment of liquid caustic soda is 
operated in North America. Over- 
night service to many customers is 
made possible by this system of 
bulk terminals. 

• Versatile shipping capabilities in- 
clude tank car, tank truck, barge 
and ocean-going tanker transpor- 
tation of caustic soda. PPG owns 
many hundreds of tank cars de- 
signed and used exclusively for 
caustic soda solution service. 


Other PPG rail cars and truck 
trailers are available for delivery of 
PELS caustic soda beads. PPG 
barges serve customers on rivers 
and inland waterways, while 
coastal terminals are supplied by 
ocean-going tanker. 

• Stocks of PELS R) caustic soda beads 
are maintained at strategically 
located distribution points through- 
out the nation. 

• PPG Chemicals Group sales rep- 
resentatives, thoroughly trained to 
serve caustic soda customers, 
operate from sales offices located 
in major cities throughout the 
United States, Puerto Rico and 
Canada. 

• PPG engineers provide assistance to 
customers by offering a full range 
of technical information and con- 
sultation. Their services include: 
recommending systems for unload- 
ing, handling and storing various 
caustic soda forms; assistance in 
startups and trouble-shooting; 
advice on form and grade selection. 



PPG engineers present safety training seminars. 
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• Laboratory services available at 
several PPG locations include both 
analytical and applications labo- 
ratories. 

• Other activities encompass tech- 
nical service engineering assistance 
in selecting and installing handling 
equipment and protective devices 
as well as help with safety training 
programs. These include providing 
audio-visual aids such as safety 
wall charts, booklets and the film, 
“Take Care with Caustic.” 

PPG’s position as a front-running 
caustic producer is maintained by an 
extensive program of research and 


development. Its results include 
many benefits that are passed on to 
customers. For example, a coating 
developed by PPG is used as a lining 
in PPG caustic soda tank cars and 
barges to protect the high purity of 
caustic soda received by users. Other 
technical advances include “CSD,” 
closed system delivery of bulk, dry 
caustic soda in pressure-differential 
hopper cars and truck trailers; and 
PELS caustic soda beads. 

PPG’s stake in caustic soda is big — 
and long range. It includes a com- 
mitment to meet its customers’ needs 
for material — and service. 
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INTRODUCTION 



O Tank Cars and Tank Trucks 
■ Barges 

Ocean-going Tankers 


A network of caustic soda distribution points assures quick delivery. 


O 
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SHIPPING POINTS 
FOR CAUSTIC SODA 
SOLUTIONS: 


Tank Cars and Tank Trucks 

California: Richmond 
San Pedro 
Illinois: Lemont 
Louisiana: Lake Charles 
Missouri: St. Louis 
New Jersey: Bayonne 
Paulsboro 
West Virginia: Natrium 
Canada: Beauharnois, Quebec 
Puerto Rico: Guayanilla 
(tank trucks 
only) 


NaOH 


Barges 

Louisiana: Lake Charles 
New Jersey: Bayonne 
Paulsboro 
West Virginia: Natrium 

Ocean-going Tankers 
Louisiana: Lake Charles 
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Chapter 2 

PURCHASING INFORMATION 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


GRADES AND FORMS 

To meet the needs of various indus- 
trial processes, the Chemicals Group 
of PPG Industries produces caustic 
soda in a wide range of grades and 
forms. Caustic soda solutions are 
available in these grades: 
standa rd 
low iron 
rayon 

mercury cell 

The most common commercial form 
is the solution containing 50 percent 
actual sodium hydroxide by weight. 
PPG Industries also produces the 
more concentrated solution form, 
approximately 73 percent actual 
sodium hydroxide by weight. 

PPG Industries manufactures anhy- 
drous caustic soda in the modern 
beaded form bearing the trademark 
PELS. The beads come in one opti- 
mum size averaging 0.7 millimeter 
in diameter. Their size uniformity is 
an advantage for repacking and 
compounding. Their one optimum 
size eliminates the need to store 
numerous grades of anhydrous 
caustic soda. 



Liquid caustic soda available in 50 and 73 percent solutions 


SELECTING THE OPTIMUM 
GRADE AND FORM 

Among the factors in selecting the 
most economical grade and form of 
caustic soda for a particular applica- 
tion, besides purchase price, are the 
costs of: transportation, unloading, 
handling within plant, preparing 
caustic soda for use, and the invest- 
ment in equipment for unloading, 
storage, handling and preparation. 

Representatives of PPG Industries 
Chemicals Group will gladly coop- 
erate in determining the most eco- 
nomical and best-suited grade and 
form for any operation. 
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PELS' caustic soda beads show little or no dust. 


PURCHASING INFORMATION 


CAUSTIC SODA SOLUTIONS 
Shipping 

Caustic soda solutions are shipped 
from PPG manufacturing plants as 
50 percent solutions and 73 percent 
solutions by weight. The company’s 
nationwide network of terminals 
stocks 50 percent solutions in stra- 
tegic geographic locations for prompt 
delivery by tank cars, tank trucks and 
barges to many parts of the United 
States. 

PPG Industries ships 50 percent caus- 
tic soda solution in ocean-going tank- 
ers to terminals on the east and west 
coasts for domestic users as well as for 
export. The company’s large fleet of 
barges carries caustic soda solutions 
to inland and coastal terminals and 
customers’ docks. 

PPG engineers will assist companies 
in evaluating and designing new 
unloading facilities for tank cars, tank 
trucks or barges. 

To prevent metallic contamination 
and maintain the high purity of caus- 
tic soda shipments, PPG lines all 
cargo tanks of tank cars and barges. 



Loading caustic soda solution into ocean going tanker at PPG plant m Lake Charles. Louisiana 
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Tank Cars 

PPG maintains a fleet of many hun- 
dreds of tank cars for caustic soda 
service only. They are designed for 
safe and efficient unloading of caus- 
tic soda solutions. Every PPG tank 
car is equipped for either top or 
bottom unloading. 

PPG tank cars are well insulated, so 
that freezing is unlikely except under 
non-routine conditions such as pro- 
longed transit delays. The cars are 
equipped with channel-type heaters 
if heating is required. 


Typical Weights of 
Tank Car Contents 


Nominal Capacity, 
Gallons 



10,000 

16,000 

Liquid basis 

50 percent 

128.000 lb 

194,000 lb 

73 percent 

142,000 lb 

200,000 lb 

Anhydrous basis 

50 percent 

33 tons 

50 tons 

73 percent 

52 tons 

73 tons 


Dimensions of Tank Cars 


Shipments are usually made in tank 
cars with nominal capacities of 10 
and 16 thousand gallons. 


10,000-gallon 16,000-gallon 


Length 

4 1'2" 

43'3‘/h" 

Height 



Empty 

147%" 

14' 10 V 

Loaded 

14'5%" 

14 W' 

Width 

107V 2 " 

lO'O" 
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PURCHASING INFORMATION 


Tank Trucks 

Tank trucks provided by common 
carriers for the shipment of caustic 
soda solutions must conform to DOT 
Specification MC310 or MC311. Tank 
trucks built after May 14, 1967, 
must comply with DOT Specification 
MC312. Tanks are generally made of 
stainless steel. Maximum permissible 
loads may be limited by regulations 
of the different states. 

The capacities of tank trucks in caus- 
tic soda service have not been stand- 
ardized, but vary between 2,000 to 

4.000 gallons. For shipments of 50 
percent caustic soda solutions, the 
corresponding weights would range 
from 25,000 to 50,000 pounds of liquid. 
On an anhydrous basis, these ship- 
ping weights would range from 6 to 
12 tons. The 73 percent caustic soda 
solution is seldom shipped by tank 
truck because of its higher freezing 
temperature of approximately 145° F. 

Barges 

The barges in the fleet of PPG In- 
dustries Chemicals Group are built 
specifically for transporting caustic 
soda solutions. These barges are de- 
signed to permit maximum safety in 
unloading. They are equipped with 
diesel unloading pumps. 

Barge capacities range from a mini- 
mum of 1,200 liquid tons or approxi- 
mately 200,000 gallons up to a nomi- 
nal 3,000 liquid tons or approximately 

475.000 gallons. Since almost all barge 
shipments consist of 50 percent caus- 
tic liquor, the actual dry caustic soda 
content ranges from 600 to 1500 tons. 



Caustic soda tank truck at loading platform. 



PPG barge dedicated to shipping caustic soda solution. 
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Shipping Points for 
Caustic Soda Solutions: 

See list with map on pages 4 and 5. 

Billing Procedure 

Caustic soda solutions are billed on 
a basis that is standard in the United 
States. However, this basis is rather 
complicated because of the way it 
originated. Since the days when alka- 
lies were first manufactured, caustic 
soda (NaOH) and soda ash (Na 2 C0 3 ) 
were compared on the basis of their 
sodium oxide (Na 2 0) content. The 
anhydrous forms of caustic soda in 
those days were about 98 percent 
pure. According to the molecular 
weights of NaOH and Na s O, 100 
pounds of pure NaOH are calculated 
to contain 77.48 pounds of Na 2 0. But 
the 98 percent purity factor reduces 
this value to 76 pounds. Today, liquid 
caustic soda is still sold as “NaOH 
on a 76 percent Na 2 0 basis.” 


Another factor in billing is that the 
Na 2 0 content is determined by a 
laboratory method which includes 
the Na 2 0 in both NaOH and Na 2 C0 3 . 
The latter is present as a fractional 
percentage. 

For example, assume that a shipment 
of nominal 50 percent caustic soda 
solution contains the following per- 
centages by weight of NaOH and 
Na 2 C0 3 : 

% Actual NaOH = 50.00% 

% Actual Na 2 C0 3 = 0.16% 

Based on their relative molecular 
weights, NaOH contains 77. 48% Na 2 0 
while Na 2 C0 3 contains 58.48%. 

Therefore, the % Na 2 0 content of the 
NaOH and Na 2 C0 3 in the shipment is 
as follows: 

% Na 2 0 in NaOH 

= 50.00% X 0.7748 = 38.74% 
% Na s O in Na 2 C0 3 

= 0.16% X 0.5848 = 0.09% 

Therefore, the total % Na 2 0 is: 

38.74% 4- 0.09% = 38.83% Na 2 0 


NaOH 


The billing analysis (% NaOH on a 76% 
Na 2 0 basis) is calculated as follows: 

Total % Na 2 0 X 100% 

76% 

or, 38.83 X 100 
76 

= 51.09% NaOH 

(76% Na 2 0 basis) 

The pounds of NaOH (76% Na 2 0 
basis) used for invoicing are calcu- 
lated as follows: 

Pounds Caustic Soda Solution 

% NaOH (76% Na 2 0 basis) 

x mT 

= Pounds NaOH (76% Na 2 0 basis) 
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PURCHASING INFORMATION 


PELS CAUSTIC SODA BEADS 

PPG Industries Chemicals Group 
supplies anhydrous caustic soda in 
the beaded form bearing the trade- 
mark PELS. Drums and bags are 
designed to be moisture-resistant 
because anhydrous caustic soda 
readily absorbs moisture from at- 
mospheric air. 

Bulk Shipments 

PELS caustic soda beads are shipped 
in rail cars and truck trailers. The 
recommended method of handling is 
the “CSD" closed system delivery 
method developed by PPG Industries. 
It utilizes a closed-loop, pneumatic 
system for pressure conveying. 

PPG maintains its own fleet of pres- 
sure differential trailers that can 
make shipments up to approximate- 
ly 22 tons. These trailers carry equip- 
ment for drying the pneumatic 
conveying air so that the receiving 
system does not need to have dryers. 

PPG Industries Chemicals Group 
owns the pressure differential rail 
cars used for CSD shipments. The 
rail cars are lined with Polyclutch* 
epoxy resin lining. These cars have 
a capacity of 3000 to 4000 cubic feet, 
sufficient for shipments up to 100 
tons. 

More detailed information on “CSD” 
closed system delivery appears on 
page 31 in the chapter on PELS 
Caustic Soda Beads Unloading and 
Handling. 



The enure pallet load. 1 V* tons, consisting of fifty 50 pound bags, is protected by a shrink-wrapped 
polyethylene film Pallets holding one-ton toads of forty 50-pound bags are also available 


*A product of PPG s Coatings and 
licsins Group . 
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FIRST AID 

All persons who handle caustic soda 
should be familiar with proper first 
aid procedures. 

Fast action is imperative because 
caustic soda attacks the skin and 
eye tissues rapidly. Delay greatly 
increases the severity of a caustic 
burn; prompt and thorough treat- 
ment can reduce the danger of 
serious permanent damage. Get the 
injured person to an eye wash or 
spray shower immediately! Every 
second is critical. Be sure that medi- 
cal attention is obtained as soon as 
possible if caustic soda has contact- 
ed an eye, also if skin contact has 
resulted in burns, reddening or ex- 
cessive irritation. 

Eyes 

Eyes are particularly sensitive to 
caustic soda. Even tiny particles of 
caustic soda dust, or a small quantity 
of dilute solution, can injure the eye 
or result in loss of vision. 

If caustic soda gets in the eye, 
flushing the eye immediately 
with large quantities of water 
will do more good than the best 
of medical services can provide 
later on. 

Continue washing for at least 
15 minutes. Call a physician. 

To make sure that water contacts all 
surface tissues of the eye and lid, 
hold the eyelids apart while flushing. 
The best way to irrigate the under 
surfaces of the upper eyelid is to 
raise the eyelid and roll it back. 
Prolonged irrigation with plenty of 
water — and only water — is the proper 
treatment for eyes. Neutralizing 
solutions must not be used in eyes. 
Chemical neutralization generates 
heat and may introduce another 
burn hazard. Diluting caustic soda 
also generates heat; so use plenty of 
water to conduct the heat away. 


Call a physician, perferably an eye 
specialist, as soon as possible. Con- 
tinue eye irrigation until the physi- 
cian arrives. 

Eye-Washing Fountains and 
Spray Showers 

Spray showers and eye-washing 
fountains or a bubbler fountain 
should be located in the immediate 
working area where they can be 
reached in seconds. 

Out-of-doors, a hose that is not 
under high pressure can serve tem- 
porarily in place of a shower or 
eye-washing fountain. 

Prominent markings to make the 
location of safety showers and 
fountains distinctly visible by means 
of a sign or conspicuous background 
color are necessary. Showers and 
fountains should be tested daily and 
kept clean and in perfect working 
order at all times. 


NaOH 
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Eye-washing fountain and flood shower 
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PROTECTIVE DEVICES AND FIRST AID 



Protective Clothing 

All persons working around caustic 
soda must wear protective clothing 
as well as close-fitting safety gog- 
gles. Do not wear contact lenses 
when working around caustic soda. 
Face shields may be worn in addition 
to— but not instead of— goggles. 
Gloves, boots, aprons, and other 
clothing made of rubber or rubber- 
covered cloth give good protection 
because rubber is resistant to caustic 
soda. 

Clothing made of polyvinyl chloride 
also gives good protection. Under 
the protective clothing, wear cotton 
clothing rather than woolens, be- 
cause animal fibers such as wool are 
rapidly destroyed by caustic, where- 
as cotton is more resistant. Leather, 
like wool an animal tissue, is also 
attacked by caustic. Wear shoes, 
boots or overshoes made of rubber. 
Also, wear a plastic safety hard hat 
with a wide brim all around the head. 
Set front of hat to slope down over 
eyes to provide more cover for the 
eyes. When boots are worn, trouser 
legs should be on the outside to 
reduce the possibility that caustic 
soda might enter the top opening. 
Wear a long-sleeved shirt and button 
the collar. Shirt or coveralls should 
fit snug at neck and wrists. 

Respirator 

Persons working where caustic soda 
dust or mist is present should wear 
NIOSH/MSHA-approved dust-type 
respirators. Inhalation of dust or 
mist will irritate the respiratory 
tract. The OSHA time-weighted 
average (TWA) for caustic soda is 
2 milligrams per cubic meter of air. 
Work areas where caustic soda dust 
or mist is present should be well 
ventilated. 


Proper protective clothing reduces chances of injury 
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Skin 

Flush skin immediately and continu- 
ously with plenty of water for at least 
15 minutes — longer if a soapy feeling 
persists, which indicates that some 
caustic soda is still present. Do not 
sponge or rub or use small amounts 
of water. Large quantities of water 
are necessary to carry away the heat 
generated by diluting caustic soda. 
Do not touch your eyes with your 
hands or fingers— they might be con- 
taminated with caustic soda. 

Caustic soda burns can be most de- 
ceiving. A grave danger lies in stop- 
ping the flushing with water too soon. 
What may first appear to be a super- 
ficial skin irritation can become a 
serious burn that may take a long 
time to heal. The greater the amount 
and concentration of the caustic 
soda and its temperature, the more 
imperative it is to get to a source 
of water immediately. 

Under the safety shower, remove 
clothing that has been in contact 
with caustic. Continue flushing 
while removing clothing. Do not 
remove safety goggles unless caustic 
soda has been washed off complete- 
ly under the shower. Persons helping 
a man with caustic soda on his body 
or clothing should wear safety gog- 
gles to make sure that their own eyes 
don’t get splashed with water con- 
taminated by caustic soda. 

A less serious condition, stinging due 
to caustic soda mist or dust on ex- 
posed skin, can be stopped by 
rinsing with a ten-percent solution 
of ammonium chloride. Diluted 
vinegar may also be used to stop 
stinging. Do not use neutralizing 
solutions in the eye. 


Swallowing 

If a person swallows caustic soda, 
give plenty of water to drink. After- 
wards, citrus juices or weak vinegar 
solutions may also be given. Do not 
induce vomiting because passing 
the caustic soda through the food 
pipe, throat and mouth a second 
time will result in more damage to 
these tissues. Caustic soda causes 


severe damage to mucous mem- 
branes. If a person has swallowed 
caustic soda, call a physician at 
once. Don’t give anything by mouth 
to an unconscious person. 

Shock 

If a patient suffers from shock, 
place him on his back and keep him 
warm until a doctor arrives. 



rrsJ 

; . 




Plant ambulance equipped with portable eye wash fountain. 
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Chapter 4 

CAUSTIC SODA LIQUOR 

HANDLING AND STORAGE EQUIPMENT 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


MATERIALS OF CONSTRUCTION 

Iron and steel are the usual materials 
of construction for equipment han- 
dling 50 percent solutions of caus- 
tic soda below 140°F. Nickel, nickel 
alloys and stainless steel are required 
at higher temperatures, for higher con- 
centrations, or for operations where 
iron pickup of a few parts per million 
cannot be tolerated. 

To prevent metallic contamination in 
transit, PPG Industries uses a latex 
lining on the interior of tank cars and 
barge tanks. Tank trucks are ordi- 
narily constructed of stainless steel 
but their interiors may also be lined. 

Designers of equipment for handling 
and storing caustic soda may want to 
evaluate other materials and new 
products. PPG engineers will gladly 
advise on the selection of construction 
materials for individual applications. 

Stress-Corrosion Failure 

Commonly called “caustic embrittle- 
ment,” stress-corrosion failure occurs 
at areas of mechanical stress or where 
fabricating operations produce high 
residual stress such as at bends in 
piping and at welds. 



0 10 20 30 40 50 

Percent NaOH 

Generally accepted practices suggest temperatures to 140 F. 


( National Association of Corrosion Engineers Technical Practices Committee 
Report. Publication 51-3 ) 


As shown in the graph, mild steel is 
subject to stress-corrosion failure 
under conditions that depend upon 
temperature and also upon concen- 
tration. These conditions would exist 
in the area above the curve in the 
graph. To prevent stress-corrosion 
failure, temperatures of 50 percent 
caustic soda solutions should not be 
permitted to go above 140° F. 


Corrosion Rates in 50% NaOH 


Corrosion Rate, Mpy 


Metal 

At 1 00° F" 

At 135°F'’ 

At 131 to 1 67°F < 

Titanium 

<0.1 

0.5 


Zirconium 

<0.1 

<0.1 


Nickel 

<0.1 

<0.1 

<0.1 

Monel' 1 alloy 400 

<0.1 

<0.1 

<0.1 

Inconel' 1 alloy 600 

<0.1 

<0.1 

<0.1 

Ampco' 1 8 


1 


Mild steel 

0.7 

5 

8 

Copper-nickel (70-30) 



<0.1 

18-8 stainless steel 



0.1 

Ni-Resist f Type 1 



2 

Cast iron 



10.5 


"Duration of test: 162 days. b Duration of test: 135 days. ‘ Duration of test: 30 days 
^Trademark of The International Nickel Co., Inc. ' Trademark of Ampco Metal, Inc. 
^Trademark of Thomas Foundries, Inc. 
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MATERIALS ATTACKED BY 
CAUSTIC SODA 

Certain metals, such as aluminum, 
magnesium, zinc, tin, chromium, 
brass, and bronzes made with zinc or 
tin are attacked by caustic soda. They 
should be avoided as parts of equip- 
ment; for example, brass bearings. 
Also items such as safety hats, buck- 
ets, drums and ladders made of alu- 
minum should not be used with caus- 
tic soda. 

Since galvanizing is done with zinc— 
which is attacked by caustic soda- 
keep the liquor away from galvanized 
iron surfaces. The reaction of caustic 
soda with zinc is vigorous and— under 
some conditions— may be dangerous 
because hydrogen is generated and 
may introduce an explosion hazard. 

Silica-containing materials such as 
glass, brick and tile are attacked by 
caustic liquor. The action is slow and 
will at first only contaminate the 
caustic with silica, but failure of the 
material will eventually follow. 

Copper can seriously contaminate 
caustic soda even though it may not 
be severely attacked. Caustic han- 
dling equipment made with copper or 
copper alloys can be harmful to cer- 
tain manufacturing processes, such 
as the production of hypochlorite 
bleaches, because of their great sensi- 
tivity to copper contamination. 

PIPE LINES 

Wrought iron or mild steel is suitable 
for pipe lines and fittings to convey 
caustic soda solutions below 140°F; 
nickel is customary for hotter solu- 
tions. Monel alloy or stainless steel 
may be used under certain condi- 
tions. Polypropylene-lined steel pipe 
has been used with solutions up to 
225°F. Outdoor pipes should be 
insulated and, if air temperatures 
fall below 65°F, electrically-traced. 



Plastic flange cover 


Welded or flanged joints are pref- 
erable to screwed fittings. 

Many different types of plastics and 
elastomers may be used with caustic 
liquor but the upper temperature 
limit, of course, is different for each 
plastic. Gaskets should be made of a 
good grade of rubber. Materials 
whose capabilities for caustic ser- 
vice have not been established by 
experience should be adequately 
tested in advance. 

Pipe lines should slope so as to be 
self-draining. Caustic liquor left in 
pipe lines has a passivating effect 
and retards corrosion; however, it 
should not be left in pipe lines if 
temperatures may reach the freezing 
point of the solution. Water should 
be available for washing outsections 
of line where there is danger that 
caustic liquor might drip and con- 
tact personnel. 

New piping installations should al- 
ways be tested with water for leaks 


before caustic liquor is run in. Plastic 
covers on flanged joints, also guards 
over pump packing glands, prevent 
spraying of caustic liquor if leaks 
develop. 

Process piping under 1-inch diame- 
ter is not recommended. Larger 
sizes permit greater flow-through 
and minimize the possibility of plug- 
ging or freezing. 

Unloading Lines 

Tank car unloading lines are usually 
2-inch diameter pipe because this is 
the standard fitting size on caustic 
soda tank cars. 

Flexible hoses are preferred for con- 
necting a tank car to the unloading 
pipe line because the car rises during 
unloading. Spiral-wire-wound hoses 
made of alkali-resistant material 
are suitable. These hoses should 
have clamped “combination nipple” 
ends made of cadmium-plated 
malleable iron. Hoses may also be 
made of stainless steel. 
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CAUSTIC SODA LIQUOR 

HANDLING AND STORAGE EQUIPMENT 


PUMPS 

For transferring caustic liquor from 
tank car to storage or from storage 
to point of use, centrifugal pumps 
are recommended. All-iron construc- 
tion is generally suitable, although 
nickel and nickel-cast-iron pumps 
give longer service life. Above 140°F, 
a nickel or nickel alloy pump must 
be used. Brass fittings and bearings 
should be avoided, especially at high 
temperatures or concentrations of 
50% or above. To prevent leakage at 
the pump shaft, deep stuffing glands 
with high-grade graphite-asbestos 
packing are preferred to mechanical 
seals for intermittent service. Me- 
chanical seals are suitable for con- 
tinuous service. 

VALVES 

Iron or steel plug valves of the lubri- 
cated type give good service for nor- 
mal use. For high-temperature use, 
nickel-cast-iron plug valves or nickel 
gate valves with deep packing 
glands should be used. Stainless 
steel can also be used in some cases. 

Other types of valves commonly 
used include non-lubricated ball 
valves and gate valves made entirely 
of iron or steel. 

Brass valves should be avoided, 
especially at high temperatures or 
concentrations of 50% or above, be- 
cause they are corroded by caustic 
soda and will leak. They can also 
introduce copper contamination that 


can be harmful to certain manu- 
facturing processes. 

METERS 

There are several types and designs 
of highly accurate meters with ex- 
cellent reproducibility that are made 
of materials resistant to caustic soda 
solutions. Meters with brass parts, 
such as used in water meters, would 
be corroded by caustic soda. Suitable 
meters are available with attach- 
ments to compensate for changes of 
specific gravity with temperature 
where this degree of accuracy is 
required. 

The selection includes automatic 
and semi-automatic meters for con- 
tinuous or batch operations. They 
range in capacity from 0.1 gallon 
per minute to hundreds of gallons 
per minute. 

PPG engineers will be glad to advise 
on the type and size of meter required 
for any installation. 

STORAGE TANKS 

The most popular construction mate- 
rial for storage tanks holding caustic 
soda solutions is mild steel because 
of its lower cost and satisfactory per- 
formance under most conditions. 

The 50 percent solution should be 
stored at 75 to 100° F. Below 75 C F, 
viscosity increases rapidly and pump- 
ing becomes difficult. Above 140° F, 
iron pickup increases and stress- 


corrosion cracking may become a 
problem. 

Preventing Caustic Attack 
and Iron Pickup 

Even localized high temperature can 
accelerate caustic attack. For exam- 
ple, heating coils carrying steam will 
have a surface temperature of at least 
212 C F. Coils made of nickel or nickel 
alloys such as Monel and Inconel 
are highly resistant to attack even at 
temperatures far above 290° F, the 
boiling point of a 50 percent solution 
of caustic soda. Coils located too near 
the side of the tank are known to 
have caused stress-cracking as well 
as accelerated corrosion of the tank 
walls. Piping and storage systems 
should be checked throughout to 
make sure that local overheating will 
not occur. 

Both metallic contamination and 
stress-corrosion can be eliminated 
by a special coating applied to the 
inside of the tank. Columbia No. 7 
Neoprene lining, which is available 
from PPG's Coatings and Resins 
Group, has given excellent results. It 
should be applied by licensed appli- 
cators only. 

Areas of unrelieved high stress, such 
as welds, are susceptible to caustic 
attack. Many tanks can be completely 
stress-relieved by the fabricator; the 
cost may be considered as insurance 
against^ failure. Many welds made in 
the field have been locally stress- 
relieved with satisfactory results. 
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Typical Storage Tanks for 50-Percent Caustic Soda Solutions 


Vent 



Preventing Freezing 

The storage temperature of 50 per- 
cent caustic soda solutions should 
not go below 75°F. At lower ambient 
temperatures, tanks should be in- 
sulated. If these solutions are stored 
out-of-doors in cold climates, the 
tanks should be insulated and heat- 
ed. Steam coils made of nickel sub- 
merged in the solutions are the usual 
method of heating. 

If storage capacity is available, dilu- 
tion is an effective way to avoid 
freezing problems. For example, a 
20 percent solution freezes at ap- 
proximately — 17°F. 

Tank Capacity and Strength 

Storage capacity should exceed the 
volume of the largest shipment 
planned by at least 50 percent. A 
stronger tank is needed than for water 
because the weight of a 50 percent 
caustic soda solution is around Vh 
times the weight of water or approxi- 
mately 12% pounds per gallon. 



Curbings and Spills 

As a safety measure in case of spills, 
curbings should he erected around a 
tank. These structures permit recov- 
ery of spilled caustic liquor in some 
cases; in others, they reduce the haz- 
ard of disposing of spills. When most 
of a spill has been removed, the rest 
should be cleaned up with lots of 
water. Final traces of caustic soda can 
be neutralized with dilute acid or 
sodium bicarbonate solutions. 

Do not dump caustic soda solution 
into streams or waterways. 
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Chapter 5 

CAUSTIC SODA LIQUOR 
UNLOADING AND HANDLING 


This chapter describes the unloading 
of tank cars and the dilution of 73 
percent caustic soda solutions. 

When requested, PPG engineers will 
assist companies in evaluating and 
designing new unloading and han- 
dling systems for bulk caustic soda in 
solution forms. 

CAUSTIC SODA SOLUTIONS 

Although the procedures described 
in this section refer to unloading 
tank cars, the principles apply in 
general to tank trucks and barges. PPG 
engineers will gladly advise on pro- 
cedures for unloading and handling, 
since no two installations are alike. 

Procedures for unloading 50 or 73 
percent caustic soda solutions are the 
same up to the point where the flexible 
connection from the tank car ends. 
From there on they differ because the 
73 percent solution is usually diluted 
before storage. 

PREPARING TANK CARS 
FOR UNLOADING 

The suggestions that follow are based 
on procedures developed over the 
years. While certain steps appear ob- 
vious, the procedure would not be 
complete without them. A detailed 
listing of steps is helpful from the 
safety standpoint too, because appar- 
ently obvious precautions are some- 
times neglected. 

Placing Car for Unloading 

1. After the car is properly spotted, 
set handbrake and block wheels. 

2. The U.S. Department of Transpor- 
tation regulation states that caution 
signs must be so placed on the track 
or car as to give necessary warning 
to persons approaching car from open 


end or ends of siding and must be left 
up until after car is unloaded and dis- 
connected from discharge connection. 
Signs must be of metal or other suit- 
able material, at least 12 by 15 inches 
in size and bear the words “STOP- 
TANK CAR CONNECTED,” the word 
“STOP” being in letters at least 4 
inches high and the other words in let- 
ters at least 2 inches high. The letters 
must be white on a blue background. 

3. Derails should be placed at the 
open end or ends of the siding approx- 
imately one car length from the car 
being unloaded. 

SPECIAL PRECAUTIONS 
Storage tank inspection: Before con- 
necting the tank car to the unloading 
line, make sure the storage tank is 
vented and the vent is open. Air 
displaced by the caustic soda solu- 
tion must be permitted to escape, 
otherwise the pressure could rupture 
a tank. Also make sure there is room 
for the contents of the car so that no 
caustic soda solution will overflow 
the tank. 



Wheel chock for tank cars 


Caustic soda is a hazardous, reactive chemi- 
cal Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


Lighting: During the hours of dark- 
ness no attempt should be made to 
connect or disconnect a car or to 
open or close any attachment unless 
adequate lighting is provided. 

Do not enter cars under any circum- 
stances because of the possibility of 
caustic burns or suffocation due to 
insufficient oxygen. 

Moving partially unloaded car: The 

movement of partially unloaded cars 
should be avoided. However, if it 
should be absolutely necessary to 
move a partially unloaded tank car, 
make sure the outlet valve is closed 
and all connections to the car have 
been disconnected. The manway 
cover should be closed and all bolt 
closures tightened securely. Un- 
loading lines should be drained. 

Safety check: To prevent caustic 
soda from contacting personnel, 
make sure that all unloading con- 
nections, piping, joints, valves and 
storage tanks are sound and tight 
before unloading. After flow starts, 
check all around again for leaks. 



Derail. Stop sign stands between tracks. 
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Preheating Liquid in Tank Car 
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CAUTION: 

No heat should be applied 
during the actual unloading 


Heating Channel 


Heating Channel 


Steam Inlet 


Steam Hose £ 


Heating Channel 



NOTE: 

Either steam connection can be used as the inlet while 
the other serves as the outlet 


Condensate 
Blowdown Lind * Drain Une 


Sampling 

Since a sample is taken at the time of 
loading, many users accept the ship- 
per’s analysis. However, PPG Tech- 
nical Service engineers will be glad to 
recommend a procedure for sampling 
tank car shipments. 

Preheating Liquid in Tank Car 

All PPG tank cars are insulated so that 
caustic soda liquor is unlikely to 
freeze— but it may if the tank car 
delivery is delayed. The 50% caustic 
soda solution is entirely fluid and can 
easily be unloaded when its temper- 
ature is above 80°F. 

The same goes for the 73% solution 
when its temperature is above 185°F. 
Difficulty may be encountered in at- 
tempting to unload at lower temper- 
atures since viscosity is then greater 
and there is a hazard of freezing in the 
unloading lines. Crystals start to form 
well above the freezing point. 

Also, coustic soda solution near the top 


of a tank car may be as much as 20 
degrees hotter than liquor near the bot- 
tom. In fact, the bottom layer may have 
solidified even though the temperature 
at the top is well above the solution's 
freezing point. 

If a crust has formed on top of the 
caustic soda solution, break it up 
before heating the car contents so 
the solution can expand without ex- 
erting dangerous pressure on the 
crust. You can break it by inserting 
a U-tube through the manway onto 
the crust and applying steam through 
the U-tube. Never apply live steam 
directly onto the surface of caustic 
soda because of the danger of eruption. 

To apply steam to preheat the tank car 
contents before unloading, attach a 
steam line to one of the connections. 
Install a steam trap on the other 
connection (see diagram). 

The steam connections shown in 
diagram on both sides of the discharge 


leg are for cars with heating channels. 
In extremely cold weather, heating 
channels should be drained and 
blown out with compressed air to 
prevent freezing and left open to 
permit any condensate still remaining 
after air-blowing to drain out. 

Wet or saturated steam (not super- 
heated) below 50 pounds per square 
inch and 300°F must be used because 
steam at higher temperatures will 
damage the car lining and may result 
in contamination of the caustic liquor. 
Apply steam gradually to prevent me- 
chanical stresses. Heat should never 
be applied to a car by blowing steam 
into the caustic liquor. 

Disconnect all steam lines as soon as 
the proper unloading temperature 
has been obtained. No heat should be 
applied during the actual unloading 
because the car lining will be 
damaged. 
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CAUSTIC SODA LIQUOR 
UNLOADING AND HANDLING 


Thawing Frozen Bottom Discharge 
Cock and Internal Valve at the 
Bottom of a Car 

The bottom discharge cock can be 
freed by steaming internally through 
the valve opening or externally on 
the surface of the cock. 

If the internal valve cannot be 
opened with reasonable pressure on 
the valve handle, it indicates that 
caustic soda around the valve is 
frozen and heat should be applied 
to free it. Do not attempt to force 
the valve by applying extreme pres- 
sure to the valve handle as this may 
break the pin connecting the valve 
to the valve rod and make bottom 
unloading impossible. 

The internal valve can be freed by 
inserting a steam lance of 1/4" cop- 
per tubing up through the bottom 
discharge cock and playing live 
steam directly onto the internal 
valve. After a period of 10 to 15 
minutes, the frozen caustic soda will 



Testing internal valve handle 


have melted. The internal valve can 
now be opened. 

Be sure to withdraw lance and close 
bottom discharge cock before again 
trying to open internal valve. 

Preheating Unloading Lines 

In cold weather it is good practice 
to preheat unloading lines to prevent 
cooling and solidifying of caustic 
soda solutions at the start of unload- 
ing. Preheating may be done by 
passing steam directly through the 


line. Sections of the unloading line 
exposed to temperatures below 
60°F should be insulated. 

An alternative method of preheating 
a line for unloading 73% caustic soda 
solution is to fill it with water im- 
mediately before unloading. When 
the concentrated caustic soda solu- 
tion contacts the water, heat will be 
generated and will prevent the solu- 
tion from being frozen by the cold 
pipeline. 



Steam lance helps loosen frozen valves 



Steam line should always be removed prior to unloading car 
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CAUSTIC SODA LIQUOR 
UNLOADING AND HANDLING 


METHODS OF UNLOADING 

Two methods are preferred for un- 
loading tank cars: 

1. Through the bottom outlet valve 
with a pump. 

2. Through the top by way of the 
eduction pipe with air pressure. 

Unloading Through Bottom 
Outlet Valve 

1. Check the inside valve handle on 
top of the car and make sure it is 
closed. If it is not, then the internal 
valve is not completely closed. Vi- 
bration in transit can loosen the 
internal valve and permit caustic 
liquor to leak by and become trap- 
ped above the bottom cock. 

2. Carefully open the one-inch cock 
on the air connection at the top of 
the car to release any pressure or 
vacuum that might be in the car. Cup 
palm of rubber-gloved hand over top 
of one-inch cock to prevent caustic 
soda from spraying on you. 

3. Open the manway cover and sup- 
port it in a partially open position 
during unloading. Underneath the 
manway cover handle are two eye- 
bolts which have the nuts mounted 
in such a way that they cannot be 
removed and the eyebolts cannot be 
swung out of the way until the cover 
has been lifted slightly. This is a 
safety device to keep the cover from 
being blown open. 

4. On the manway cover nut-and- 
bolt fastenings, use only end 
wrenches — not pipe wrenches. 

5. Make sure the bottom cock is 
closed, then, while cupping palm of 
rubber-gloved hand over the bottom 
cock to prevent caustic soda from 
spraying on you, remove the plug. 
Caustic liquor that might have leaked 
through the internal valve and be- 
come caught between the internal 
valve and botton cock could come out 


as a spray if the bottom cock is not 
closed before the plug is removed. 

6. Connect unloading line to the 2- 
inch bottom cock. 

7. See that all valves on the unload- 
ing line are in the proper position 
for unloading. 

8. Open the bottom cock. 

9. Open internal valve. If this cannot 
be done with reasonable pressure, 
see earlier section entitled “Thaw- 
ing Frozen Bottom Discharge Cock 
and Internal Valve...” page 24. 


10. Start pump. 

11. After flow starts, check piping 
valves and hose for leaks. 

12. Check unloading progress from 
time to time by looking into the 
manway. 

13. When the car is empty, stop the 
pump and close the internal valve. 
Inspect the car through the man- 
way to make sure it is empty. 

14. Prepare empty car for return 
(see final section of this chapter for 
instructions). 



Tank car fittings at bottom of car. 


26 




NaOH 



Mtufi 


mm 

////run 


Fittings and hatch cover, domeless car 





Tank car fittings at top of car. 


Top Unloading Through Eduction 
Pipe by Air Pressure 

1. Make sure the manway cover is 
securely fastened in place and all 
nuts on the cover are tightened. 

2. Inspect all fittings at top of car 
for defects before unloading to avoid 
possible injury from caustic spray 
after the car is put under air pressure. 

3. Every PPG car has a safety rupture 
disc set at 100 pounds per square 
inch. The air pressure should never 
exceed 75 pounds per square inch 
I maximum ). Higher pressures may 
fracture the rupture disc in the safety 
vent. If a disc is ruptured while 
unloading, call the nearest office of 
PPG Industries Chemicals Group for 
fu rt h er i n s t ru ct i o n s . 

4. The air supply line should be 
eq upped with a pressure relief valve 
set at 75 pounds per square inch 
I maximum ): a pressure-reducing 
valve set at 70 pounds per square inch 
( maximum ); a pressure gage; and a 
sh ut -off valve. 

5. Remove the plug from the 1-inch 
air valve on top of the car. Open the 
1-inch cock to relieve air pressure 
or vacuum. Cup palm of rubber- 
gloved hand over cock to prevent 
being sprayed. 

6. Check to see that the 2-inch cock 
on top of the car is closed. Remove 
the 2-inch plug and connect the 
eduction pipe to the unloading line 
with a flexible hose. Open the cock. 

Use of a flexible hose for connecting 
tank car to unloading line is recom- 
mended. This will facilitate making 
connections and prevent a possible 
rupture of the line because the car 
rises during unloading as the weight 
on its springs decreases. This rise 
may be as much as 6 inches. 

Continued on next page 
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UNLOADING AND HANDLING 


7. Connect the air supply line to the 
1-inch cock. This connection, which 
should also have flexibility, can be 
made by using pressure hose or 
flexible tubing. 

8. Apply air pressure slowly until 
there is a normal flow of caustic liquor 
to the storage tank. Use of minimum 
air pressure is recommended. 

9. If, after applying air pressure, no 
caustic flows out of the car, contact 
PPG Industries Customer Service 
Group. 

10. Check fittings and line for leaks. 

11. Maintain the air pressure until 
the tank car is completely empty. A 


drop in the pressure and the sound 
of air rushing through the discharge 
pipe tell you that the tank car is 
empty. 

12. Shut off the air supply and 1- 
inch cock on the car. Disconnect the 
air supply piping. Cupping your 
rubber-gloved hand for protection, 
open the 1-inch cock on the car to 
make sure pressure has been re- 
leased from the car before opening 
the manway cover. Then open the 
manway cover and inspect the car to 
make sure it is empty. 

13. Prepare empty car for return 
(see section on page 29 for instruc- 
tions). 


Unloading and Diluting 
73 Percent 
Caustic Liquor 

Since 73 percent caustic soda solu- 
tion has a freezing point of approxi- 
mately 145°F, it is shipped in lined, 
insulated tank cars at temperatures 
calculated to arrive at 175 to 200°F. 
The hot concentrated solution is 
usually diluted to 50 percent and 
cooled before storage to reduce 
handling problems, embrittlement of 
storage tanks, and iron contamina- 
tion from tanks. 

PPG Industries Chemicals Group 
developed a system that has been 
used since 1939 for unloading and 


System for Unloading and Diluting 73 Percent Caustic Soda Solutions 


50 Percent Caustic Liquor to Storage 
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diluting 73 percent solution. Many 
years of service in numerous installa- 
tions have shown the system to be 
practical and economical. It needs 
little supervision. 

As shown in the schematic diagram, 
the system discharges 73 percent solu- 
tion from the tank car to a centrifugal 
pump. Dilution water at constant 
pressure is also fed to the suction 
side of the pump. A rotameter indi- 
cates the llow rate of dilution water. 
A valve controls the amount of water 
needed to give the 50 percent strength 
or any other desired concentration. 

Heat evolved by the diluting reaction 
can raise the temperature of the 
diluted 50 percent solution to as high 


as 270° F. For safe storage in a steel 
tank, solution temperature should be 
less than 140° F. To cool the caustic 
liquor, it is pumped through a heat 
exchanger before going to storage. 
The liquor concentration can be de- 
termined by simple measurements of 
specific gravity and temperature, and 
can be used to control dilution. 

PPG engineers will gladly assist 
in planning and installing the dilu- 
tion system. 

Preparing Empty Cars for Return 

1. Clean out unloading lines with 
steam, water or air before discon- 
necting. When disconnecting and 
draining the unloading line, be care- 
ful not to spill caustic soda solution 


on personnel, the tank car or the 
ground. Wash off with water any 
accidental spill on the car to mini- 
mize damage to car and to protect 
trainmen who will be handling the 
empty car. 

2. If steam line and steam trap were 
used, remove them from car. In 
extremely cold weather, blow out 
car’s heating coils or channels with 
compressed air. 

3. Close all valves. Replace the bot- 
tom outlet plug, or the eduction pipe 
and air inlet plugs. Close and tighten 
the manway cover and valve housing 
cover at top of car. 

4. Reverse the DOT “CORROSIVE” 
placards to show the car is empty, but 
contains a residue. 

Unloading Tank Trucks 

Tank trucks are almost always un- 
loaded by the driver. Trailers are 
equipped with 30 feet of hose unless 
additional hose is specified on the 
order. The hose is fitted with a two- 
inch quick-connect coupling. The 
receiving installation should have a 
two-inch quick-connect fitting on 
the pipe to storage. This pipe should 
be marked with a caustic soda warn- 
ing sign. 

The trailer can be unloaded by air 
pressure from a blower mounted on 
the truck. If a pump is needed on the 
truck for unloading, this should be 
specified on the order. 

The unloading area must have a safe- 
ty spray shower and eye-washing 
fountain for the driver’s protection. 



Hoses, valve and unloading connection at rear of tank truck. 
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Chapter 6 

PELS" CAUSTIC SODA BEADS 
UNLOADING AND HANDLING 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 





Pressure differential rail car for delivery of PELS' caustic soda beads m bulk 


BAGS AND DRUMS 

Apart from taking care to avoid 
breaking or puncturing bags and 
drums of PELS caustic soda beads, 
users may handle these containers 
like those for inert materials. Since 
anhydrous caustic soda left exposed 
to the atmosphere absorbs moisture 
and reacts with carbon dioxide, con- 
tainers must be kept closed. The 
contents of broken bags or drums 
must be promptly used or placed in 
suitable air-tight containers. Drums 
and bags should be stored in a dry 
place indoors. 

Dissolving PELS beads: A short 

period of mechanical agitation is all 
that is needed to dissolve this form of 
caustic soda in water completely. 
PELS beads dissolve twice as fast 
as flakes. 

CAUTION: Donot add water to caus- 
tic soda beads. The right way is to 
add the beads slowly to the surface 
of cold water that is being stirred. If 
the water is not stirred, adding caus- 
tic soda beads is dangerous and can 
result in spattering and eruption. 
Don’t raise the concentration of caus- 
tic soda by more than 5% with any 
single addition. Do not add caustic 
soda beads to hot water. The water 
should be at ambient temperature. 
The high heat of solution of dry caus- 
tic soda may cause sudden evolution 
of steam and spattering. Also a layer 
of concentrated solution may form 
and suddenly mix with a layer of less 
concentrated solution. In this case, 
the high heat of dilution may create 
steam and cause the solution to 
spatter. 


Disposing of Drums 

Flush all traces of PELS caustic soda 
beads from drums. And then flush 
again to get rid of any dissolved 
caustic soda adhering to the metal 
before disposing of drums. This will 
protect people handling these drums 
later on who may not recognize the 
traces as being caustic soda or be 
aware of its dangers. 


Cleaning up Spills and 
Disposing of Waste 

When cleaning up a spill, wear pro- 
per protective clothing and equip- 
ment. Shovel up any spilled PELS 
caustic soda beads. Do not put 
unneutralized waste caustic soda 
into a sewer or stream. Follow an 
approved procedure for neutralizing 
the spilled material and getting rid 
of it in your waste disposal system. 

Flush the area contaminated by the 
spill with huge quantities of water. 
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PELS" CAUSTIC SODA BEADS 
UNLOADING AND HANDLING 


CSD operation 

The diagram below shows the main 
components of a typical CSD closed 
loop pneumatic system. 

When conveying air is admitted to the 
system, it passes over a desiccant to 
dry the air to a minimum dew point 
temperature of —40° (measured at at- 
mospheric pressure). The blower com- 
presses the air at a rate of 600 cubic 
feet per minute to 15 psig. Upon leav- 
ing the blower, the air is cooled in a 
heat exchanger to a temperature less 
than 140°F. The air then enters a 
manifold on the underside of the car 
through piping and flexible hose. The 
air is distributed from the manifold to 
the car interior and to the conveying 


line. When sufficient pressure has 
built up in the car, a discharge valve is 
opened. Anhydrous caustic soda can 
now flow into the conveying line. The 
caustic soda is carried through the 
conveying line by a high velocity air 
stream to the top of the storage bin. 

After the conveying air leaves the 
storage bin, any entrained dust is 
removed by an automatic self- 
cleaning bag-type filter. The filtered 
air is returned to the blower intake to 
complete the pneumatic loop. Since 
the recycled air has been in contact 
with highly hygroscopic caustic soda, 
this air is extremely dry. Any make-up 
air that is required enters the closed 
loop through the air dryers at the 


blower section. The air dryers reduce 
the dew point of the make-up air to 
— 40°F. 

Between unloading operations, the 
storage bin and other parts of the 
system are protected against moisture 
pickup by the same dryers that admit 
air to the system. The economical 
design plus the dual purpose of the 
dryers is a unique feature of CSD. 



CSD bulk unloading system for rail cars. 
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CSD bulk unloading system for truck trailers 


Advantages of CSD Truck 
Trailer System 

Trucks with hopper trailers deliver 
20-ton shipments. These systems 
have the same advantages just 
described for rail car systems plus 
additional benefits. 

A blower is mounted on the truck 
and a dryer is mounted on the trailer 
(see photo and diagram) so that the 
receiving installation needs to in- 
clude only a dust filter, a storage bin 
fitted with a vent dryer and piping 
from the truck to the storage bin. 
Accordingly, the investment for a 
system to receive truck trailer ship- 
ments is less than one designed for 
rail car deliveries. 

CSD System Design 

Since anhydrous caustic soda is less 
corrosive than solutions, its demands 
upon materials of construction are 
less critical. Steel is the usual mate- 
rial. A smooth, continuous surface 
inside the conveying line and a mini- 
mum of bends promote the efficien- 
cy of pneumatic conveying. 

Each installation requires an indi- 
vidual design dependent upon exist- 
ing plant facilities. Engineers of PPG 
Industries Chemicals Group will 
assist in evaluating, planning and 
designing the complete system. 



Dryer for closed system delivery is mounted 
on trailer 


Chapter 7 

TECHNICAL DATA 


PROPERTIES 

Anhydrous Sodium Hydroxide 

Molecular Weight 
Melting Range 
Boiling Point 

Specific Gravity of Pure Solid 
Refractive Index 
Heat of Fusion 

Specific Heat at 20°C 

Solubility in Water at 0°C 
at 100°C 


Caustic Soda Solutions 

Molting Range 
(crystallization begins) 

Solidification Point 


Caustic soda is a hazardous, reactive chemi- 
cal Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


40.005 

590 to 608 °F (310 to 320°C) 
2534°F (1390°C) 

2.130 
1.3576 
72 Btu/lb 
40.0 cal/g 
0.48 Btu/(lb) (°F) 

0.48 cal/(g) (°C) 

42 g/100 g water 
347 g/100 g water 


50 Percent 
Solution 

41 to 51° F 
(5 to 11° C) 
41° F (5° C) 


73 Percent 
Solution 

140 to 143° F 
(60 to 62° C) 
140° F (60° C) 


Chemical Reactivity 

Caustic soda, either dry or in solu- 
tion, is not combustible; has no flash 
point, no autoignition temperature, 
and no explosive limits. 

Anhydrous caustic soda is deliques- 
cent (dissolving in moisture absorbed 
from the atmosphere) and reacts with 
carbon dioxide in the air to form 
sodium carbonate. Conversion is 100 
percent after prolonged exposure. 
Therefore, minimum exposure to air 
is desirable in handling anhydrous 
forms. On the other hand, the hygro- 
scopic nature of anhydrous caustic 
soda makes it useful as a drying agent. 

Solutions of caustic soda are strongly 
alkaline and have a high pH or high 
concentration of negatively charged 
hydroxyl ions, OH . The high reactiv- 
ity of caustic soda with many organic 
and inorganic substances, including 
certain metals is the main reason for 
its importance as a basic chemical. 


Hydration 

Anhydrous caustic soda is a white 
translucent- solid with a fibrous crys- 
talline structure. Being hygroscopic, 
it attracts water molecules and forms 
hydrates. Six hydrates of caustic soda 
have been identified, each with its 
own distinctive crystalline structure. 
The number of water molecules at- 
tached to each molecule of sodium 
hydroxide, corresponding to the six 
hydrated forms, is 7, 5, 4, 3 Vi, 2 or 
1. This degree of hydration depends 
upon the temperature and concentra- 
tion of the solution in which the 
crystals form, as shown in the dia- 
gram on the facing page. The curve 
shows the freezing points of solutions 
with d i ff e r e n t concentrations; the 
eutectic solution is just less than 
19 percent. 
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NaOH 


Freezing Points of Caustic Soda Solutions 
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Derived from “International Critical Tables,” Volume IV, page 235, and 
PPG Industries laboratories. 
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TECHNICAL DATA 


Specific Gravity of Caustic Soda Solutions* At Various Temperatures 


Percent 

NaOH 

32°F 

0°C 

50°F 

68°F 

86°F 

1 04°F 

1 22°F 

1 40°F 

1 76°F 

1 94°F 

21 2°F 

10°C 

20°C 

30°C 

40°C 

50°C 

60°C 

80°C 

90°C 

100°C 

2 

1.024 

1.023 

1.021 

1.018 

1.014 

1.010 

1.004 

0.993 

0.987 

0.980 

4 

1.048 

1.046 

1.043 

1.039 

1.035 

1.031 

1.025 

1 .014 

1.008 

1.001 

6 

1.071 

1.068 

1.065 

1.061 

1.056 

1.052 

1.046 

1.035 

1.028 

1.022 

8 

1.094 

1.091 

1.087 

1.083 

1.078 

1.073 

1.068 

1.056 

1.050 

1.043 

10 

1.1 17 

1.113 

1.109 

1.104 

1.100 

1.094 

1.089 

1.077 

1.071 

1.064 

12 

1.140 

1.136 

1.131 

1.126 

1.121 

1.116 

1.110 

1.098 

1.092 

1.086 

14 

1.162 

1.158 

1.153 

1.148 

1 .143 

1.137 

1.132 

1.120 

1.113 

1.107 

16 

1.185 

1.180 

1.175 

1.1 70 

1.165 

1.159 

1.153 

1.141 

1.134 

1.128 

18 

1.207 

1 .202 

1.197 

1.192 

1.186 

1.181 

1.175 

1.162 

1.156 

1.149 

20 

1.230 

1.224 

1.219 

1.214 

1.208 

1.202 

1.196 

1.183 

1.177 

1.170 

22 

1.252 

1.247 

1.241 

1.235 

1.230 

1.224 

1.217 

1.205 

1.198 

1.191 

24 

1.274 

1.269 

1.263 

1.257 

1 .251 

1.245 

1.239 

1.226 

1.219 

1.212 

26 

1.296 

1.291 

1.285 

1.279 

1.273 

1.267 

1.260 

1.247 

1.241 

1.234 

28 

1 .318 

1.312 

1.306 

1.300 

1.294 

1.288 

1 .281 

1.268 

1.262 

1.255 

30 


1.334 

1.328 

1.322 

1.315 

1.309 

1.302 

1.289 

1.282 

1.276 

32 


1.355 

1.349 

1.343 

1.336 

1.330 

1.323 

1.310 

1.303 

1 .296 

34 



1 .370 

1.363 

1 .357 

1 .350 

1 .343 

1 .330 

1 .323 

1.316 

36 



1.390 

1.384 

1.377 

1 .370 

1.363 

1 .350 

1 .343 

1 .336 

38 



1.410 

1 .404 

1.397 

1.390 

1.383 

1 .370 

1.363 

1.356 

40 



1 .430 

1 .423 

1.416 

1 .410 

1 .403 

1 .389 

1 .382 

1 .375 

42 



1 .449 

1.443 

1.436 

1.429 

1.422 

1.408 

1.401 

1.394 

44 



1.468 

1.462 

1.455 

1.448 

1.441 

1.427 

1.420 

1.413 

46 



1.487 

1.481 

1.473 

1.466 

1.459 

1.445 

1.438 

1.432 

48 



1.506 

1.500 

1 .492 

1.485 

1.478 

1.464 

1 .457 

1.450 

50 



1.525 

1.518 

1.511 

1.504 

1.497 

1.483 

1 .476 

1.470 

52 




1 .537 

1.530 

1 .524 

1 .51 7 

1 .503 

1 .496 

1 .490 

54 





1 .549 

1 .543 

1 .536 

1 .523 

1.516 

1 .510 

56 





1 .568 

1.562 

1 .556 

1 .543 

1 .536 

1 .530 

58 






1.581 

1.575 

1 .563 

1 .556 

1 .550 

60 







1 .597 

1 .583 

1 .576 

1 .570 

62 








1 .603 

1 .596 

1 .590 

64 








1 .623 

1616 

1 .61 0 

66 








1 .643 

1 636 

1 .630 

68 








1 .663 

1 .656 

1 .650 

70 








1 .683 

1 .676 

1 .670 

72 








1 .703 

1.696 

1.690 

74 








1 .723 

1 .716 

1 .710 


*These values are for pure sodium hydroxide in distilled water. Data below 50 percent were derived from “International Critical Tables,” 
Volume III, page 70. Data above 50 percent were obtained by extrapolation. 
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Temperature 


260 


NaOH 


Specific Gravity of Caustic Soda Solutions* 



*These values are for pure sodium hydroxide in distilled water. Data below 50 
percent were derived from “International Critical Tables,” Volume III, page 79. 
Data above 50 percent were obtained by extrapolation. 
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TECHNICAL DATA 


Specific Gravity of Mercury Cell and Rayon Grade Caustic Soda Solutions* 

— In Range from 50.6 to 52.1% 



Percent NaOH, 

76% Na 2 0 Basis (This is the billing basis described on page 11.) 







F 

50.6 

50.7 

50.8 

50.9 

51.0 

51.1 

51.2 

51.3 

51.4 

51.5 

51.6 

51.7 

51.8 

51.9 

52.0 

52.1 

76 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1 .527 

1.528 

1 .529 

1.530 

1.531 

1.532 

1.533 

1.534 

78 

1 .518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1.533 

80 

1.518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1.527 

1.528 

1 529 

1.530 

1.531 

1.532 

1 .533 

82 

1.517 

1.518 

1.519 

1.520 

1 .521 

1.522 

1.523 

1 .524 

1.525 

1.526 

1 .527 

1 .528 

1.529 

1.530 

1.531 

1.532 

84 

1.516 

1.517 

1 .518 

1.519 

1.520 

1.521 

1.522 

1 .523 

1 .524 

1.525 

1.526 

1.527 

1.528 

1.529 

1 530 

1.531 

86 

1.515 

1 .516 

1 .517 

1.518 

1.519 

1.520 

1 .521 

1.522 

1.523 

1 .524 

1 .525 

1 .526 

1.527 

1 .528 

1.529 

1.530 

88 

1 .514 

1.515 

1.516 

1.517 

1 .518 

1.519 

1.520 

1.521 

1.522 

1.523 

1 .524 

1.525 

1.526 

1.527 

1.528 

1.529 

90 

1.514 

1.515 

1.516 

1.516 

1.517 

1.518 

1 .520 

1.520 

1.521 

1.522 

1.523 

1 .524 

1.526 

1.527 

1 .527 

1.528 

92 

1.513 

1 .514 

1.515 

1.516 

1 .51 7 

1.518 

1.519 

1.520 

1 .521 

1.522 

1 .523 

1 .524 

1.525 

1 .526 

1.527 

1.528 

94 

1512 

1 .513 

1.514 

1.515 

1.516 

1.517 

1 .518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1.527 

96 

1.51 1 

1 .512 

1.513 

1 .514 

1.515 

1.516 

1 .517 

1 .518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1 .526 

98 

1.510 

1 .511 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1 .520 

1.521 

1.522 

1.523 

1.524 

1.525 

100 

1.509 

1.510 

1.51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1.521 

1.522 

1.523 

1 .524 

102 

1.509 

1.510 

1 .51 1 

1.512 

1.512 

1.514 

1.515 

1.516 

1.516 

1.517 

1 .519 

1.520 

1.520 

1 521 

1 .522 

1.523 

104 

1.508 

1.509 

1.510 

1.51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1 .521 

1.522 

1 523 

106 

1.507 

1 .508 

1.509 

1 510 

1.51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1 .521 

1 .522 

108 

1.506 

1.507 

1.508 

1 509 

1.510 

1 .51 1 

1.512 

1.513 

1 .514 

1.515 

1.516 

1.517 

1.518 

1 519 

1.520 

1.521 

1 10 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1.511 

1 .512 

1 .513 

1.514 

1.515 

1.516 

1.517 

1.518 

1 .519 

1 .520 

1 12 

1 .504 

1.505 

1.506 

1.507 

1.508 

1 .509 

1.510 

1 .51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1 .517 

1.518 

1.519 

114 

1.504 

1.505 

1.506 

1.507 

1.507 

1 .508 

1.510 

1.511 

1.51 1 

1.512 

1 .513 

1 .514 

1.515 

1.516 

1.517 

1.518 

1 16 

1.503 

1.504 

1.505 

1.506 

1.507 

1.508 

1 .509 

1.510 

1.51 1 

1.512 

1.513 

1 .514 

1.515 

1.516 

1 .517 

1.518 

118 

1.502 

1.503 

1 .504 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1 .51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1.517 

120 

1.501 

1 .502 

1 .503 

1.504 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1 .51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

122 

1.500 

1.501 

1.502 

1 .503 

1.504 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1 .51 1 

1.512 

1.513 

1.514 

1.515 

124 

1.500 

1.500 

1 .502 

1.502 

1.503 

1 .504 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1 .51 1 

1.512 

1513 

1 514 

126 

1.499 

1.500 

1.501 

1.502 

1.503 

1.504 

1.505 

1.506 

1.507 

1.507 

1.509 

1.510 

1 .51 1 

1 .512 

1 513 

1 .514 

128 

1.498 

1.499 

1.500 

1 501 

1.502 

1.503 

1.504 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1.51 1 

1 .512 

1 .513 

130 

1 .497 

1.498 

1 .499 

1.500 

1.501 

1.502 

1.503 

1.504 

1.505 

1.506 

1.507 

1.508 

1 .509 

1.510 

1 .51 1 

1.512 

132 

1.496 

1 .497 

1.498 

1.499 

1 500 

1.501 

1.502 

1 .503 

1.504 

1.505 

1.506 

1.507 

1.508 

1.509 

1 510 

1 .51 1 

134 

1.495 

1.496 

1.497 

1.498 

1.499 

1 .500 

1.501 

1.502 

1.503 

1.504 

1.505 

1.506 

1.507 

1 508 

1 509 

1.510 

136 

1.495 

1.495 

1.497 

1.498 

1.499 

1.500 

1 .500 

1.502 

1.502 

1 503 

1.505 

1.505 

1.506 

1 507 

1.508 

1.509 

138 

1 .494 

1.495 

1.496 

1 .497 

1.498 

1 499 

1.500 

1.501 

1.502 

1 503 

1.504 

1.505 

1.506 

1 .507 

1.507 

1.508 

140 

1.493 

1 .494 

1 .495 

1.496 

1.497 

1 498 

1.499 

1.500 

1.501 

1.502 

1.503 

1.504 

1.505 

1.506 

1 .507 

1.508 


*The specific gravity values in this table do not correlate with those on page 36, which are based on pure sodium hydroxide in 
distilled water. In contrast, the values on this page are on a 76 percent Na z O basis, which includes sodium carbonate, as 
explained in detail on page 11. 
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°F 

76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 

100 

102 

104 

106 

108 

110 

1 12 

1 14 

116 

118 

120 

122 

124 

126 

128 

130 

132 

134 

136 

138 

140 


NaOH 


Specific Gravity of Standard and Low-Iron Grade Caustic Soda Solutions* 


— In Range from 50.6 to 52.1% 


Percent NaOH, 

76% Na 2 0 Basis (This is 

the billing basis described on page 11.) 







50.6 

50.7 

50.8 

50.9 

51.0 

51.1 

51.2 

51.3 

51.4 

51.5 

51.6 

51.7 

51.8 

51.9 

52.0 

52.1 

1.526 

1 .527 

1.529 

1.530 

1 .531 

1.532 

1.533 

1 .534 

1 .535 

1 .536 

1537 

1.537 

1.538 

1.539 

1.540 

1.541 

1.525 

1.527 

1.528 

1.529 

1 .531 

1.532 

1.532 

1.533 

1.534 

1.535 

1.536 

1.537 

1.538 

1.539 

1.540 

1.541 

1 525 

1 526 

1 .527 

1 529 

1 .530 

1.531 

1.531 

1.533 

1.534 

1.534 

1.535 

1.536 

1.537 

1.538 

1.539 

1.540 

1 524 

1.525 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1.533 

1 .534 

1.534 

1.535 

1 .536 

1.537 

1.538 

1 .539 

1 523 

1.524 

1.526 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1.533 

1 .533 

1 .534 

1.535 

1.536 

1 .537 

1.538 

1 522 

1 .524 

1.525 

1.526 

1.528 

1 .529 

1.529 

1.530 

1.531 

1 .532 

1.533 

1 .534 

1.535 

1.536 

1.537 

1.537 

1.522 

1 .523 

1 .524 

1.525 

1.527 

1.528 

1.528 

1.530 

1.530 

1.531 

1.532 

1.533 

1.534 

1.535 

1 .536 

1 .537 

1 .521 

1 .522 

1 .523 

1 .525 

1.526 

1.527 

1 .528 

1 .529 

1.530 

1.530 

1.531 

1.532 

1.533 

1.534 

1.535 

1.536 

1.520 

1 .521 

1.523 

1 .524 

1 525 

1 .526 

1.527 

1.528 

1 .529 

1.530 

1 .530 

1 .531 

1.532 

1.533 

1.534 

1.535 

1 519 

1 .521 

1.522 

1.523 

1.524 

1 .525 

1.526 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1 .533 

1.534 

1.534 

1.518 

1.520 

1.521 

1.522 

1.524 

1 .525 

1.525 

1.526 

1 .527 

1 .528 

1.529 

1.530 

1.531 

1.532 

1.533 

1.534 

1 .518 

1 519 

1 520 

1 522 

1.523 

1.524 

1.525 

1.526 

1.527 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1.533 

1 .51 7 

1.518 

1 520 

1.521 

1.522 

1.523 

1 .524 

1.525 

1.526 

1.527 

1.527 

1.528 

1.529 

1.530 

1.531 

1.532 

1 .516 

1517 

1519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1.527 

1.528 

1.529 

1.530 

1.530 

1 .531 

1.515 

1 517 

1518 

1519 

1 .521 

1.522 

1.522 

1.523 

1.524 

1.525 

1 .526 

1.527 

1.528 

1.529 

1.530 

1.531 

1.515 

1516 

1.517 

1.519 

1.520 

1 521 

1 .521 

1.522 

1.523 

1.524 

1.525 

1.526 

1 .527 

1.528 

1.529 

1.530 

1.514 

1 .515 

1516 

1.518 

1.519 

1 520 

1 521 

1.522 

1.523 

1.523 

1.524 

1.525 

1.526 

1 .527 

1.528 

1.529 

1.513 

1514 

1 516 

1 517 

1.518 

1.519 

1.520 

1.521 

1.522 

1 .523 

1.523 

1.524 

1.525 

1.526 

1.527 

1.528 

1.512 

1 .514 

1515 

1.516 

1517 

1.518 

1 .519 

1.520 

1.521 

1.522 

1 523 

1.524 

1.524 

1.526 

1.527 

1.527 

1 .51 1 

1513 

1514 

1515 

1.517 

1.518 

1 518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.525 

1.526 

1.527 

1 .511 

1 512 

1513 

1515 

1.516 

1.517 

1 .518 

1.519 

1.519 

1.520 

1.521 

1.522 

1.523 

1 .524 

1.525 

1.526 

1 510 

1.51 1 

1 513 

1514 

1.515 

1.516 

1 .517 

1 .518 

1.519 

1.520 

1.520 

1 .521 

1.522 

1.523 

1.524 

1 .525 

1.509 

1510 

1.512 

1513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1.520 

1.521 

1.522 

1.523 

1.524 

1.508 

1510 

1 51 1 

1.512 

1.514 

1.515 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.524 

1.508 

1 .509 

1 510 

1.512 

1.513 

1.514 

1 .514 

1.515 

1.516 

1.51 7 

1.518 

1.519 

1.520 

1.521 

1.522 

1.523 

1.507 

1 .508 

1.510 

1.511 

1.512 

1.513 

1 .514 

1.515 

1.515 

1.516 

1.517 

1.518 

1 .519 

1.520 

1.521 

1.522 

1 .506 

1.507 

1.509 

1.510 

1.511 

1 512 

1.513 

1 .514 

1.515 

1.516 

1 .516 

1.517 

1.518 

1 .519 

1.520 

1.521 

1 .505 

1.507 

1 .508 

1 509 

1 510 

1 .51 1 

1.512 

1.513 

1.514 

1.515 

1.516 

1 .51 7 

1.518 

1.519 

1.520 

1.520 

1.504 

1 506 

1 507 

1.508 

1.510 

1 .51 1 

1.51 1 

1 .512 

1.513 

1.514 

1.515 

1.516 

1.517 

1.518 

1.519 

1.520 

1.504 

1.505 

1 .506 

1.508 

1 .509 

1 .510 

1 .51 1 

1 .51 1 

1.512 

1.513 

1 .514 

1.515 

1 .516 

1.517 

1.518 

1.519 

1 503 

1.504 

1.506 

1.507 

1.508 

1.509 

1 .510 

1 .51 1 

1.51 1 

1 .512 

1.513 

1 .514 

1 .515 

1.516 

1.517 

1.518 

1.502 

1 .503 

1.505 

1.506 

1.507 

1.508 

1.509 

1.510 

1.51 1 

1.512 

1.513 

1.513 

1.514 

1.515 

1.517 

1.517 

1 .501 

1 .503 

1.504 

1.505 

1.506 

1 .507 

1.508 

1.509 

1.510 

1.51 1 

1.512 

1.513 

1.514 

1 .515 

1.516 

1.517 


♦The specific gravity values in this table do not correlate with those on page 36, which are based on pure sodium hydroxide in 
distilled water. In contrast, the values on this page are on a 76 percent Na z O basis, which includes sodium carbonate, as 
explained in detail on page 11. Furthermore, the standard and low-iron grade caustic soda solutions contain over two percent 
sodium chloride on a 100% NaOH basis. 
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TECHNICAL DATA 


Density of Caustic Soda Solutions at 60 Degrees Fahrenheit 


Percent 

NaOH 

Percent 

Na 2 0 

Specific 

Gravity 

60/60°F 

American 

Standard 

Baume 

Degrees 

Degrees 

Twaddell 

Grams 
NaOH 
Per Liter 

Pounds NaOH 

Pounds of Solution 

Per 

Gallon 

Per 

Cubic Foot 

Per 

Gallon 

Per 

Cubic Foot 

2 

1.55 

1.023 

3.26 

4.6 

21 

0.17 

1.28 

8.53 

63.80 

4 

3.10 

1.045 

6.24 

9.0 

42 

0.35 

2.60 

8.71 

65.18 

6 

4.65 

1.067 

9.10 

13.4 

64 

0.53 

3.99 

8.90 

66.55 

8 

6.20 

1.090 

1 1.97 

18.0 

87 

0.73 

5.44 

9.09 

67.98 

10 

7.75 

1.112 

14.60 

22.4 

1 1 1 

0.93 

6.94 

9.27 

69.36 

12 

9.30 

1.134 

18.13 

26.8 

136 

1.13 

8.49 

9.45 

70.74 

14 

10.85 

1.156 

19.57 

31 .2 

162 

1.35 

10.09 

9.63 

72.10 

1 6 

12.40 

1 .1 78 

21.91 

35.6 

188 

1 .57 

1 1 .76 

9.82 

73.47 

18 

13.95 

1.201 

23.27 

40.2 

215 

1.80 

13.44 

10.01 

74.91 

20 

15.50 

1.223 

26.44 

44.6 

244 

2.04 

15.26 

10.20 

76.28 

22 

17.05 

1.245 

28.53 

49.0 

274 

2.28 

1 7.08 

10.38 

77.65 

24 

18.60 

1 .267 

30.66 

53.4 

304 

2.53 

18.96 

10.56 

79.02 

26 

20.15 

1.289 

32.51 

57.8 

335 

2.79 

20.90 

10.75 

80.39 

28 

21.70 

1.310 

34.31 

62.0 

366 

3.06 

22.88 

10.92 

81.70 

30 

23.25 

1.332 

36.14 

66.4 

399 

3.33 

24.92 

11.11 

83.08 

32 

24.80 

1.353 

37.83 

70.6 

433 

3.61 

27.00 

1 1.28 

84.39 

34 

26.35 

1.374 

39.47 

74.8 

467 

3.89 

29.14 

1 1.46 

85.71 

36 

27.90 

1.394 

40.98 

78.8 

501 

4.18 

31.30 

1 1.62 

86.95 

38 

29.45 

1.415 

42.53 

83.0 

537 

4.48 

33.53 

1 1.80 

88.25 

40 

31.00 

1.434 

43.88 

86.8 

573 

4.78 

35.78 

1 1.96 

89.45 

42 

32.55 

1 .454 

45.28 

90.8 

610 

5.09 

38.09 

12.12 

90.70 

44 

34.10 

1 .473 

46.66 

94.6 

648 

5.40 

40.42 

12.28 

91.87 

46 

35.65 

1.492 

47.82 

98.4 

686 

5.72 

42.81 

12.44 

93.06 

48 

37.20 

1.51 1 

49.04 

102.2 

725 

6.04 

45.24 

12.60 

94.24 

50 

38.75 

1.530 

50.23 

106.0 

764 

6.38 

47.72 

12.76 

95.43 

52 

40.30 

1.549 

51.39 

109.8 

805 

6.71 

50.24 

12.92 

96.62 


Density of Caustic Soda Solutions at 212 Degrees Fahrenheit 


Percent 

NaOH 

Percent 

Na 2 0 

Specific 
Gravity 
21 2/60°F 

American 

Standard 

Baume 

Degrees 

Degrees 

Twaddell 

Grams 
NaOH 
Per Liter 

Pounds NaOH 

Pounds of Solution 

Per 

Gallon 

Per 

Cubic Foot 

Per 

Gallon 

Per 

Cubic Foot 

52 

40.30 

1 49 

47.68 

98 

774 

6.46 

48.32 

12.42 

92.93 

54 

41.85 

1.51 

48.97 

102 

815 

6.80 

50.86 

12.59 

94.18 

56 

43.40 

1.53 

50.23 

106 

856 

7.15 

53.44 

12.76 

95.43 

58 

44.95 

1.55 

51.45 

110 

898 

7.49 

56.07 

12.92 

96.67 

60 

46.50 

1.57 

52.64 

114 

941 

7.85 

58.75 

13.09 

97.92 

62 

48.05 

1.59 

53.81 

118 

985 

8.22 

61.49 

13.26 

99.1 7 

64 

49.60 

161 

54.94 

122 

1030 

8.59 

64.27 

13.42 

100.42 

66 

51.15 

1 63 

56.04 

126 

1075 

8.97 

67.10 

13.59 

101 .66 

68 

52 70 

1.65 

57.12 

130 

1 121 

9.36 

69.98 

13.76 

102.91 

70 

54.25 

1.67 

58.17 

134 

1168 

9.74 

72 91 

13 92 

104.16 

72 

55.80 

1.69 

59.20 

138 

1216 

10.14 

75.90 

14.09 

105.41 

74 

57.35 

1.71 

60.20 

142 

1264 

10.55 

78.92 

14.26 

106.65 
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Temperature — °F 


NaOH 


Boiling Points of Caustic Soda Solutions At Standard Atmospheric Pressure 



0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Percent NaOH 

Derived from “International Critical Tables,” Volume III, page 326, and PPG Industries laboratories. 
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TECHNICAL DATA 


Viscosity of Caustic Soda Solutions 


Percent 

NaOH 

Viscosity, centipoises 

u. O 

o o 

00 o 

CO CNI 

86°F 

30°C 

1 04°F 
40°C 

1 22°F 
50°C 

1 40°F 
60°C 

158°F 

70°C 

2 

1.10 

0.90 

0.72 

0.62 

0.52 

0.44 

4 

1.28 

1 .02 

0.82 

0.69 

0.59 

0.49 

6 

1 .48 

1.18 

0.94 

0.77 

0.66 

0.55 

8 

1.69 

1.32 

1.07 

0.88 

0.74 

0.62 

10 

1.92 

1.50 

1.21 

0.99 

0.83 

0.70 

12 

2.2 

1.7 

1.4 

1.1 

0.9 

0.8 

14 

2.7 

2.0 

1.6 

1 .3 

1 .0 

0.9 

16 

3.2 

2.3 

1.8 

1.5 

1 .2 

1.0 

18 

3.8 

2.7 

2.1 

1.7 

1 .4 

1.2 

20 

4.4 

3.3 

2.3 

2.0 

1 .6 

1 .3 

22 

5.6 

3.9 

2.8 

2.3 

1.9 

1.5 

24 

7.0 

4.6 

3.3 

2.7 

2.1 

1 .8 

26 

8.8 

5.6 

4.0 

3.2 

2.5 

2.0 

28 

1 1 .0 

6.8 

4.9 

3.7 

2.8 

2.3 

30 

13.4 

8.6 

5.9 

4.4 

3.2 

2.6 

32 

17.0 

10.3 

7.0 

5.0 

3.7 

2.9 

34 

20.6 

12.5 

8.2 

5.8 

4.2 

3.3 

36 

25.5 

14.5 

9.8 

6.7 

4.7 

3.7 

38 

31 0 

1 7.3 

1 1 .2 

7.5 

5.4 

4.1 

40 

36.0 

20.3 

12.6 

8.4 

6.0 

4.5 

42 

44.0 

23.5 

14.7 

9.8 

6.6 

5.0 

44 

52.0 

27.0 

16.5 

10.6 

7.4 

5.5 

46 

60.0 

31.0 

18.5 

1 1 .8 

8.2 

6.0 

48 

70.0 

35.0 

20.2 

13.0 

9.0 

6.5 

50 

78.3 

39.5 

22.1 

14.0 

9.7 

7.1 
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Viscosity — Centipoises 


NaOH 


Viscosity of Caustic Soda Solutions 
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TECHNICAL DATA 


Viscosity of Caustic Soda Solutions 



120 140 160 180 200 220 240 260 280 300 320 340 


Temperature— °F 


Viscosity of Caustic Soda Solutions 


Percent 

NaOH 



Viscosity 

, centipoises 



1 40°F 
60°C 

1 80°F 
82°C 

220°F 
1 04°C 

260°F 
1 27°C 

300°F 
1 49°C 

340°F 
1 71 °C 

50 

10.0 

4.8 

2.6 

1.5 

Vapor 

Vapor 

60 

16.7 

7.9 

4.3 

2.5 

1.5 

Vapor 

70 

Solid 

13.0 

6.5 

3.6 

2.0 

1.3 

75 

Solid 

16.7 

8.0 

4.4 

2.5 

1.5 



NaOH 


Specific Heat of Caustic Soda Solutions 


Percent 

Specific Heat, Btu per Pound per Degree Fahrenheit 

NaOH 

32°F 

40°F 

50°F 

60°F 

80°F 

1 00°F 

120°F 

1 40°F 

1 60°F 

1 80°F 

200°F 

220°F 

240°F 

260°F 

280°F 

300°F 

0 

1.004 

1 .003 

1 001 

0.999 

0.998 

0.997 

0.998 

0.999 

1 .000 

1.002 

1.004 






2 

0.965 

0 967 

0.968 

0.969 

0.972 

0.974 

0.977 

0.978 

0.980 

0.983 

0.986 






4 

0.936 

0 940 

0.943 

0.946 

0.951 

0.954 

0.957 

0.960 

0.962 

0.965 

0.966 






6 

0.914 

0.920 

0.924 

0.928 

0.933 

0.938 

0.941 

0.944 

0.946 

0.948 

0.950 






8 

0.897 

0.902 

0.907 

0.91 1 

0.918 

0.923 

0.927 

0.930 

0.932 

0.934 

0.936 






10 

0.882 

0.888 

0.893 

0.897 

0.905 

0 91 1 

0.916 

0.918 

0.920 

0.922 

0.923 






12 

0.870 

0.877 

0.883 

0.887 

0.894 

0.901 

0.906 

0.909 

0.91 1 

0.912 

0.913 






14 

0 861 

0.868 

0 874 

0.879 

0.886 

0.892 

0.897 

0.901 

0.903 

0.903 

0.904 






16 

0.853 

0.860 

0.866 

0.871 

0.880 

0.886 

0.891 

0.894 

0.896 

0.897 

0.897 






18 

0.847 

0.854 

0 860 

0.865 

0.873 

0.880 

0.885 

0.888 

0.890 

0.891 

0.891 






20 

0.842 

0.848 

0.854 

0.859 

0.868 

0.875 

0.880 

0.884 

0.886 

0.886 

0.887 






22 

0.837 

0.844 

0.849 

0.854 

0.863 

0.870 

0.876 

0.880 

0.882 

0.882 

0.883 






24 


0.839 

0.844 

0.849 

0.858 

0.866 

0.873 

0.877 

0.879 

0.879 

0.880 






26 


0.835 

0.840 

0.845 

0.854 

0.863 

0.869 

0.874 

0.875 

0.876 

0.876 






28 


0.830 

0.836 

0.841 

0.850 

0.859 

0.866 

0.870 

0.872 

0.872 

0.873 






30 


0.826 

0.832 

0.837 

0.846 

0.855 

0.862 

0.866 

0.868 

0.869 

0.869 






32 


0.822 

0.828 

0.833 

0.842 

0.850 

0.857 

0.862 

0.863 

0.864 

0.864 






34 



0.823 

0.828 

0.837 

0.845 

0 852 

0.856 

0.857 

0.858 

0.858 






36 



0.819 

0.824 

0.832 

0.840 

0.845 

0.849 

0.850 

0.851 

0.851 






38 



0.816 

0 820 

0.827 

0.833 

0 837 

0.841 

0.842 

0.842 

0.843 






40 



0.812 

0.815 

0.821 

0.826 

0.829 

0.831 

0.832 

0.832 

0 832 






42 



0.807 

0.809 

0.813 

0.816 

0.819 

0.819 

0.820 

0.820 

0.820 






44 




0 802 

0.804 

0.806 

0.807 

0.807 

0.807 

0.806 

0.804 






46 




0.793 

0.794 

0.795 

0.794 

0.794 

0.793 

0.791 

0.789 






48 





0.783 

0.782 

0.781 

0.780 

0.779 

0.777 

0.776 






50 





0.771 

0.769 

0.768 

0.767 

0.765 

0.765 

0.764 

0.763 

0.762 

0.762 

0.761 

0.761 

52 





0.759 

0.757 

0.756 

0.754 

0.753 

0.752 

0.751 

0.749 

0.748 

0.747 

0.746 

0.745 

54 





0.746 

0.744 

0.741 

0.739 

0.739 

0.738 

0.737 

0.735 

0.733 

0.731 

0.730 

0.728 

56 





0.733 

0.730 

0.728 

0 726 

0.724 

0.723 

0.722 

0.721 

0.719 

0.717 

0.715 

0.713 

58 






0.719 

0.71 7 

0 715 

0.713 

0.71 1 

0.709 

0.707 

0.705 

0 703 

0.702 

0.700 

60 






0.706 

0.705 

0.703 

0.701 

0.699 

0.697 

0.695 

0.693 

0 691 

0.690 

0 688 

62 







0.694 

0.692 

0.690 

0.688 

0 687 

0.685 

0.683 

0.681 

0.679 

0.677 

64 







0.684 

0.682 

0.681 

0.679 

0.677 

0.675 

0.673 

0.671 

0.670 

0.668 

66 







0.675 

0.673 

0.671 

0.669 

0.668 

0.666 

0.664 

0.662 

0.660 

0.658 

68 








0.663 

0.662 

0.660 

0.658 

0.656 

0.655 

0.653 

0.651 

0.649 

70 








0.655 

0.653 

0.651 

0.649 

0.647 

0.646 

0.644 

0.642 

0.640 

72 









0.645 

0.643 

0.641 

0.639 

0.637 

0.635 

0.634 

0.632 

74 










0.635 

0.633 

0.631 

0.629 

0.628 

0.626 

0.624 

76 










0.628 

0.627 

0.625 

0.623 

0.621 

0.619 

0.617 

78 











0.620 

0.618 

0.616 

0.615 

0.613 

0.61 1 


Derived from data of Bertetti and McCabe, “Industrial Engineering Chemistry,” Volume 28, page 378, and McCabe and Wilson, 
“Industrial Engineering Chemistry,” Volume 34, page 558. 
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Specific Heat - Btu per Pound per °F 


TECHNICAL DATA 


Specific Heat of Caustic Soda Solutions 



0 25 50 75 100 125 150 175 200 225 



75 100 125 150 175 200 225 250 275 300 

Temperature - °F 


HOW TO USE HEAT CONTENT 
(ENTHALPY) CHART 

Use of the chart on the facing page 
simplifies the calculation of many 
problems frequently encountered in 
diluting, cooling or heating caustic 
soda solutions such as: 

1. How to determine the temperature 
of the final solution resulting from 
the dilution of a caustic soda solu- 
tion, assuming no heat loss. 

2. How to determine the amount of 
heat to remove from or add to a 
caustic soda solution to change its 
temperature a desired number of 
degrees. 

Examples 
PROBLEM 1: 

What will be the temperature of a 
50 percent caustic soda solution pre- 
pared by diluting a 73 percent solu- 
tion at 200° F with water at 80° F? 

SOLUTION: 

Draw a straight line between these 
two points on the chart: (1) the inter- 
section of the 73 percent caustic soda 
line and the 200 C F curve, and (2) the 
intersection of the 0 percent caustic 
soda line and the 80° F curve. The 
line drawn crosses the 50 percent 
caustic soda line at 263° F, which is 
the answer. 

PROBLEM 2: 

How many Btu per pound of solution 
must be removed to cool a 50 percent 
caustic soda solution from 263° F 
to 120° F? 


Derived from data of Bertetti and McCabe, “Industrial Engineering Chemistry,” Volume 28, 
page 378, and McCabe and Wilson, “Industrial Engineering Chemistry,” Volume 34, page 558. 


SOLUTION: 

The relative heat contents of a 50 
percent caustic soda solution at 263° F 
and at 120° F appear on the chart at 
the 272 and 162 heat content lines 
respectively. The difference between 
these heat content values, 100 Btu 
per pound of solution, is the answer. 
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Heat Content — Btu per Pound of Solution 


NaOH 


Relative Heat Content (Enthalpy) of Caustic Soda Solutions 



0 I 'I 'I 1 ! I ; 1 _1_J ; 1—1 1 1—1 

0 10 20 30 40 50 60 70 80 


Percent NaOH 

Derived from data of Bertetti and McCabe, “Industrial Engineering Chemistry,” Volume 28, page 378, 
and McCabe and Wilson, “Industrial Engineering Chemistry,” Volume 34, page 558. 


47 



TECHNICAL DATA 


Dilution Temperatures of Caustic Soda Solutions 
Based on Diluting Water Temperature of 70°F 



0 10 20 30 40 50 60 70 80 

Percent NaOH of Final Solution 
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Temperature of Final Solution 


NaOH 


Dilution Temperatures of Anhydrous Caustic Soda 
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TECHNICAL DATA 


HOW TO USE CHART FOR 
DILUTING AND MIXING 
CAUSTIC SODA SOLUTIONS 

Use of the chart on the facing page 
simplifies the calculation of problems 
such as: 

1. How much water is needed to 
dilute a strong caustic soda solution 
to a weaker one? 

2. How many gallons of strong solu- 
tion are needed to bring a weak solu- 
tion to a higher concentration? 

3. What is the strength of a solution 
formed by mixing equal volumes of 
water and a caustic soda solution? 

The left-hand line of the chart, zero 
percent, is of course water. The de- 
creasing heights from left to right of 
the vertical lines for percentage con- 
centration reflect the greater weight 
per gallon of stronger solutions. The 
chart does not take into considera- 
tion differences in initial tempera- 
tures of solutions and water as well 
as volumetric changes caused by heat 
of dilution since these conditions 
usually have relatively small effects 
on final volume. 

Examples 
PROBLEM 1 (a): 

How many gallons of water should be 
added to dilute 16,000 gallons of 73 
percent caustic soda solution to 50 
percent? 

SOLUTION: 

Draw a line from zero percent on the 
weak solution scale at top to 73 
percent on the strong solution scale 


at bottom. From the point where the 
drawn line intersects the 50 percent 
vertical line, read 44 gallons of weak 
solution needed at right and 56 gal- 
lons of strong solution needed at left. 

Multiply the percentage ratio, 

44 gallons weak solution 
56 gallons strong solution 
X 16,000 gallons strong solution 
= 12,571 gallons weak solution 

The answer is the number of gallons 
of water to be added. 

PROBLEM 1 (b): 

How many gallons of water should 
be added to dilute 1,000 gallons of 
50 percent caustic soda solution to 
19 percent? (The latter concentration 
has the lowest freezing point and can 
withstand storage temperatures down 
to approximately — 18° F.) 

SOLUTION: 

Draw a line from zero percent on the 
weak solution scale at top to 50 
percent on the strong solution scale 
at bottom. From the point where the 
drawn line intersects the 19 percent 
vertical line, read 70 gallons of weak 
solution needed at right and 30 gal- 
lons of strong solution needed at left. 

Multiply the percentage ratio, 

70 gallons weak solution 
30 gallons strong solution 
X 1,000 gallons strong solution 
= 2,333 gallons weak solution 

The answer is the number of gallons 
of water to be added. 


PROBLEM 2: 

How many gallons of 50 percent 
caustic soda solution should be added 
to 300 gallons of 10 percent solution 
to obtain a final solution of 18 percent 
concentration? 

SOLUTION: 

Draw a line from 10 percent on the 
weak solution scale at top to 50 per- 
cent on the strong solution scale at 
bottom. From the point where the 
drawn line intersects the 18 percent 
vertical line, read 84 gallons of weak 
solution needed at right and 16 gal- 
lons of strong solution needed at left. 

Multiply the percentage ratio, 

16 gallons strong solution 
84 gallons weak solution 
X 300 gallons weak solution 
= 57 gallons strong solution 

The answer is the number of gallons 
of 50 percent caustic soda solution to 
be added, 

PROBLEM 3: 

What is the strength of the solution 
formed by mixing 10,000 gallons of 
40 percent caustic soda solution with 
10,000 gallons of water? 

SOLUTION: 

Draw a line from zero percent on the 
weak solution scale at top to 40 
percent on the strong solution scale 
at bottom. The horizontal line con- 
necting 50 on both left and right 
scales represents the 50:50 percentage 
ratio of the 10,000-gallon volumes 
stated in the problem. The drawn line 
intersects the horizontal ratio line at 
the 23 percent vertical line, which is 
the concentration of the final solution. 
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Equations for Converting Hydrometer Readings 
Of Liquids Heavier Than Water 


AMERICAN STANDARD BAUME: 

Specific Gravity = — 

* 145 - ° Be 

o B6 = 145(sp gr - 1) 

sp gr 


TWADDELL: 

Specific Gravity = ^°’ 5 X + 10 ° 

°Tw = (sp gr — 1)200 
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Degrees Twaddell 



Chapter 8 

METHODS OF ANALYSIS 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


The analytical methods presented 
here were selected on the basis of 
their ability to provide the most ac- 
curate results consistent with sim- 
plicity of equipment and acceptable 
analytical practices. Many of the tech- 
niques were developed in PPG Indus- 
tries laboratories as improvements 
on classical methods. The procedures 
apply to both solution and anhydrous 
forms of caustic soda. The applica- 
bility to various PPG grades is listed 
under each method. 

The laboratories of the Chemicals 
Group of PPG Industries customarily 
determine trace elements in caustic 
soda by optical emission spectrog- 
raphy and spectrophotometric pro- 
cedures. PPG personnel will gladly 
provide detailed information on 


analytical procedures and techniques 
for determining certain trace sub- 
stances not listed here. 

Analytical determinations for the fol- 
lowing substances appear in this 


chapter: page 

Sodium hydroxide 
and total alkalinity 54 

Sodium carbonate 
(low concentrations) 56 

Sodium chloride 58 

Sodium chloride 

(low concentrations) 59 

Sodium sulfate 60 

Sodium sulfate 

(low concentrations) 60 

Sodium chlorate 61 

Sodium chlorate 

(low concentrations) 62 

Iron 64 


PPG practice is to report % NaOH and 
% Na 2 0 on an “as is” basis, but all 
other compounds and metals on an 
“A.B.” or anhydrous caustic soda basis 
so that a ready comparison can be 
made between 50 percent and 73 per- 
cent solutions. 

DETERMINATION OF SODIUM 
HYDROXIDE (NaOH), SODIUM 
CARBONATE (Na 2 C0 3 ) AND 
SODIUM OXIDE (Na 2 0) — 

TOTAL ALKALINITY 

Double End Point Titration 
Method 

Abstract 

This method involves titration of the 
caustic soda sample by a dual end 
point titration technique, first to the 
phenolphthalein end point and then 
to the methyl orange-xylene cyanole 
end point. The alkali components are 
calculated from the titration data. 

Application 

NaOH, Na 2 C0 3 and Na 2 0 in stand- 
ard, low-iron and rayon grade caus- 
tic soda. 

NaOH and Na 2 0 only in mercury 
cell grade. Na 2 C0 3 in mercury cell 
grade is determined separately by 
the C0 2 evolution-conductometric 
method on page 56. 

Precision 

The precision of the method is ±0.10% 
NaOH, Na 2 CO a and Na.,0 by weight. 

Reagents 

Standard 1.0N hydrochloric acid 
solution 

Phenolphthalein indicator solution 

Methyl orange-xylene cyanole in- 
dicator solution 



Testing for trace metal content of caustic soda with atomic absorption spectrophotometer. 
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Procedure 

Weigh a sample equivalent to approx- 
imately 2.0 g of anhydrous sodium 
hydroxide to 0.1 mg into a tared 10 ml 
Teflon or glass weighing bottle and 
stopper. 

Measure approximately 40 ml of 1.0N 
hydrochloric acid solution (slightly 
less than the neutralization require- 
ment of the sample) with a burette 
into a 250 ml beaker. Carefully re- 
move the stopper from the weighing 
bottle and cautiously submerge both 
the stopper and weighing bottle in the 
acid solution. With the aid of a stir- 
ring rod, carefully manipulate the 
weighing bottle in such a manner that 
it is inverted with no air bubbles ex- 
isting in the bottle until all the caustic 
is dissolved. Permit the bottle and 
stopper to remain in the beaker during 
the titration. 


P 


/ \ 


\ / 


T? 



55-ml Burette with 40-ml 
bulb 

Graduations: each ml 
between 40-55-ml subdivided 
into 0.1 ml: 1 ml 1 

NBS accuracy 
Rate of drain: 

55-ml per 160-180 seconds 



Volumetric burette for total alkalinity determination . 


Add 2 drops of phenolphthalein indi- 
cator solution and continue titration 
with standard 1.0N hydrochloric acid 
solution from the burette until the 
pink color begins to fade. 

Swirl the weighing bottle in the so- 
lution and carefully continue the ti- 
tration to a colorless end point. Re- 
cord the total volume of acid used in 
this titration (phenolphthalein end 
point) to the nearest 0.01 ml as value 
“A.” 

Add 2 drops of methyl orange-xylene 
cyanole indicator solution and con- 
tinue titration to the steel-gray end 
point. Record the volume of acid 
used in the total titration to the near- 
est 0.01 ml as value “B.” 

Record the temperature of the acid 
used for titration and correct the 
volumes (values “A” and “B”) to 20° C 
(see Temperature Correction Table, 
page 65). 

Calculation 

% NaOH by weight 
= [A — (B — A)] X N X 0.040 X 100 
Weight of Sample (as received) 

% Na 2 0 by weight 

B X N X 0.031 X 100 
Weight of Sample (as received) 

% Na 2 C0 3 by weight 

2(B - A) X N X 0.053 X 100 
Weight of Sample (as received) 

% Na 2 C0 3 , A.B.* 

% Na 2 C0 3 by weight X 100 
% NaOH by weight 

Preparation of Reagents 
and Solutions 

1. HYDROCHLORIC ACID 1.0N: 

Dilute 83 ml of reagent grade concen- 
trated hydrochloric acid, specific 
gravity 1.19, with distilled water to 1 
liter in a volumetric flask and mix 
thoroughly. 


NaOH 


Standardization: Weigh 2 — 0.1 g of 
anhydrous sodium carbonate (pri- 
mary standard) to 0.1 mg into a 250 ml 
wide mouth Erlenmeyer flask, dis- 
solve in 15 to 20 ml of distilled water, 
and add 2 drops of methyl orange- 
xylene cyanole indicator solution. 
Titrate with approximately 1.0N hy- 
drochloric acid to the end point. 

Normality (N) of the HC1 
g Na 2 C0 3 x 1000 
53.00 X ml HC1 used 

2. METHYL ORANGE-XYLENE 
CYANOLE INDICATOR SOLUTION: 

Dissolve 1.33 g of methyl orange and 
3.00 g of xylene cyanole separately in 
distilled water. Mix them together 
when they are dissolved and dilute to 
1 liter with distilled water. 

Note: With this mixed indicator, alka- 
line solutions are green, acid solutions 
are purple-red, and neutral solutions 
are steel-gray. 

Special Equipment 

A drawing of the 55 ml burette is 
shown at the left. The burette con- 
tains a 40 ml bulb. Each ml gradua- 
tion between 40-55 ml is subdivided 
into 0.1 ml; 1 ml = 1 inch, NBS accu- 
racy. Graduations are blue stripes on 
white background. The rate of drain 
is 55 ml per 160-180 seconds. 

This burette is made under Sketch 
No. PPG 40476-G by SGA Scientific, 
Inc., 735 Broad Street, Bloomfield, NJ 
07003, (201) 748-6600. 


*Anhycirous NaOH basis. 
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DETERMINATION OF SODIUM 
CARBONATE (Na 2 CO^ 

CO 2 Evolution - 
Conductometric Method 

Abstract 

The method involves the determina- 
tion of sodium carbonate in caustic 
soda by conductometric measure- 
ment. The method entails the evolu- 
tion of carbon dioxide from the sam- 
ple by an acidification and purging 
process. The liberated carbon dioxide 
is absorbed in an excess of barium 
hydroxide solution. The change in 
electrical conductivity caused by the 
absorption of carbon dioxide to form 
barium carbonate is the means by 
which sodium carbonate is measured. 

Application 

Mercury cell grade caustic soda 

Precision 

The precision of the method is 
±0.003% Na 2 C0 3 by weight. 

Special Apparatus and 
Operation 

A conductance bridge is the principle 
item of special apparatus required 
for the method. The bridge should be 
capable of measuring differential re- 
sistances of 1 ohm in the desired con- 
centration range. 

Other items of apparatus required are 
common in most laboratories. They 
are assembled and arranged as shown 
in the schematic diagram on page 57. 
The thermostated water bath (33) for 
regulating and controlling the tem- 
perature of the conductivity cell (24) 
and barium hydroxide reservoir (30) 
should be of sufficient size and have 
sufficient capacity to function as a 
thermal regulator for these two items 


of apparatus. The temperature of this 
environment must be controlled 
closely. Operation at 33 ± 0.2°C is rec- 
ommended in order that precise and 
accurate results may be obtained by 
the procedure. 

The general procedure first involves 
purging the system with nitrogen or 
air (free of carbon dioxide) for about 
15 minutes prior to introducing a fresh 
barium hydroxide sample into the 
conductivity cell. The proper size 
sample of caustic soda is then pipetted 
into the dropping funnel (7) located 
above the reaction flask (10). The 
purge stream is attached to the drop- 
ping funnel and the sample forced 
into the reaction flask to provide min- 
imum contamination due to carbon 
dioxide in the air during the transfer 
of the sample. The dropping funnel is 
washed well with distilled water with 
the aid of the purge stream, and the 
system is purged until a constant ohm 
reading is obtained from the conduc- 
tivity cell. The acid is then introduced 
into the reaction flask in a similar 
manner as the sample, and the system 
is purged continuously for 15 min- 
utes. The reaction flask is heated to 
60° C during this period to aid in re- 
ducing the solubility of carbon diox- 
ide in the acidified sample. 

Analytical Procedure 

In this procedure actual conductance 
or actual resistance of the solutions 
is measured. Before making any meas- 
urements, check the temperature of 
the water bath and adjust it to 33° C. 
Clean the conductivity cell (24) with 
approximately 0.1N hydrochloric 
acid and rinse thoroughly with dis- 
tilled water. Position the empty cell 
equipped with the electrodes and inlet 
and outlet tubes in the water bath and 
make the connections shown in the 
diagram. Purge the system for 15 min- 


utes with a slow stream of nitrogen 
or air freed of carbon dioxide. Purge 
gas enters at (1) and leaves at (18). 

Rinse the conductivity cell with the 
barium hydroxide solution by manip- 
ulation of the stopcocks and applica- 
tion of suction through tube (19). 

Fill the conductivity cell with 0.014N 
barium hydroxide solution to some 
predetermined mark on the cell. This 
mark should be inscribed on the cell 
body so that fillings of the cell can be 
duplicated. The mark should be lo- 
cated so that the solution fills the cell 
a little more than halfway. 

Add the solution of the weighed sam- 
ple (equivalent to 6.0 g of anhydrous 
caustic soda) to the reservoir (7) and 
force it into the sample flask (10) by 
connecting the purge stream to the 
top of funnel (7) and opening stop- 
cock (8). Wash the reservoir with three 
15 ml portions of distilled water using 
the purge for forcing the washings 
into the reaction chamber. After the 
last washing, continue to purge the 
system at a rate of 0.1 standard liters 
per minute for 3 minutes and record 
initial ohm reading. Finally introduce 
10 ml of dilute (1:1) sulfuric acid into 
the sample flask by way of the reser- 
voir and purge stream. The sample 
must be acidified to a pH<3.0. A 6.0-g 
sample of caustic soda containing 
0.05% sodium carbonate (A.B.*) should 
provide a differential resistance span 
of approximately 21 ohms in a con- 
ductivity cell with a 0.12 cell constant. 

Adjust the purge gas flow to 0.1 stand- 
ard liters per minute. This operation 
facilitates the transfer of any liberated 
carbon dioxide from the sample into 
the absorber solution through the 
fritted glass dispersion tube (17). Con- 
tinue this sweeping operation for 15 
minutes. Then check the rate and 
measure the resistance of the absorber 
solution with the conductivity bridge. 

‘Anhydrous NaOH basis. 
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NaOH 


Apparatus 


for the Determination of Sodium Carbonate (Na 2 C0 3 ) 
C0 2 Evolution -Conductometric Method 



1 . Nitrogen or Air Source (not shown) 

2. Drying tube charged with Magnesium Perchlo- 
rate 

3. Drying tube charged with Ascarite 

4 . Same as No. 3 

5. Flowmeter 

6. Rubber stopper 

7. 125-ml Separatory funnel 

8. Stopcock (Part of No. 7) 

9. 24/40 ground joint on Separatory funnel 
(Part of No. 7) 

10. 250 ml Separatory funnel 

1 1 . Heating tape 

12. Stopcock (Part of No. 10) 

13. Drain tube for discarding reacted sample 

14. 115V Powerstat 


15. Standard taper ball and socket joint 

16. Tube delivering liberated CO 2 from sample 
to conductivity cell (rubber tubing) 

17. Fritted glass dispersion tube 

18. Vent tube (Glass tubing) 

19. Suction tube for emptying conductivity cell 
(Glass tubing) 

20. Liquid trap 

2 1 . Water aspirator for Vacuum 

22. Conductivity Bridge 

23. Conductivity electrodes 

24. Conductivity cell, 4 oz. bottle, wide mouth 

25. Rubber stopper 

26. Standard taper ball and socket joint 


27. Stopcock 

28. Filling tube to charge cell with Ba(OH)2 

29. Rubber stopper 

30. Reservoir for storing Ba(0H)2 solution, 5-1 
flask, Erlenmeyer 

31. Thermometer 

32. Air stirrer 

33. Water batn 

34. Heating Coil 

35. Thermoregulator 

36. Bath Control 

37. 115V Powerstat 

38. Aspirator bulb for pressurizing Ba(OH >2 
reservoir 

39. Drying tube charged with ascarite 

40. Glass tubing for pressurizing reservoir 
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METHODS OF ANALYSIS 


Record the value and compute the 
change in resistance of this solution 
resulting from the formation of bar- 
ium carbonate. 

For results of greatest accuracy it is 
desirable to run a blank test with dis- 
tilled water in place of the sample and 
make an appropriate blank correction. 

When the determination is completed, 
remove the acidified sample solution 
by draining through stopcock (12) at 
the bottom of the flask. Rinse the flask 
thoroughly with distilled water in 
preparation for future tests. Remove 
“spent" barium hydroxide solution 
from the conductivity cell by suction 
through connection (19). 

Consult the calibration chart (see 
below) to obtain the number of grams 
of sodium carbonate in the sample. 

Calculation 

% Na 2 C0 3 by weight 
_ grams Na 2 CQ 3 from chart x 100 
Weight of Sample (as received) 

% Na 2 CO :{ , A.B.* 

_ Weight % Na CO ;i x 100 
Weight % NaOH in Sample Tested 

Calibration of Conductivity 
Apparatus 

Measure suitable increments ranging 
from 1 ml to 10 ml of the standard 
solution of sodium carbonate (see 
below) into the sample flask (10) and 
evolve the carbon dioxide into the 
absorber solution as described in the 
procedure above. The same purge 
rate (0.1 standard liters per minute) 
should be used in the calibration and 
in the sample procedure. Prepare a 
calibration chart for the apparatus 
from these data, relating the number 
of grams of sodium carbonate and 
the resistance span of the absorber 
solution. 

‘Anhydrous NuOH basis. 


Special Reagents and Solutions 

1. STANDARD SOLUTION OF 
SODIUM CARBONATE: 

Dissolve 0.1000 g of reagent grade, 
anhydrous sodium carbonate in 
freshly boiled and cooled distilled 
water and dilute to 100 ml in a vol- 
umetric flask. One ml of this solution 
contains 0.001 g of sodium carbonate. 

2. STANDARD BARIUM HYDROXIDE 
ABSORBER SOLUTION: 

Dissolve 18.7 g of reagent grade bar- 
ium hydroxide in 700 ml of boiling 
distilled water. After saturation, re- 
move any undissolved solids by filtra- 
tion and catch the filtrate in a suitably 
sized reagent bottle containing 6.9 1 of 
distilled water which has previously 
been purged with a slow stream of 
nitrogen to expel carbon dioxide. Add 
a pinch of gelatin, stopper the reagent 
bottle and mix the solution thoroughly. 
The concentration of this solution 
should be about 0.014N and should be 
checked by titrating an aliquot of it 
with standardized 0.03N hydrochloric 
acid. 


DETERMINATION OF SODIUM 
CHLORIDE (NaCI) 

Volhard Method 
Abstract 

The chloride in caustic soda is deter- 
mined according to the Volhard titra- 
tion method. The method entails the 
acidification of the sample with nitric 
acid and the subsequent titration of 
the chloride with standard silver ni- 
trate and standard potassium thiocya- 
nate solutions. 

Application 

Standard, low-iron and rayon grade 
caustic soda (not applicable to mer- 
cury cell grade caustic soda). 
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Precision 

The precision of the method is ±0.10% 
NaCI by weight. 

Reagents 

Standard 0.1N silver nitrate solution 
(corrected to 20° C) 

Standard 0.1N potassium thiocyanate 
solution (corrected to 20° C) 

Concentrated nitric acid (C.P.), sp gr 
1.42 

Ferric nitrate indicator solution 

Procedure 

Weigh a sample equivalent to approx- 
imately 10 g of anhydrous sodium 
hydroxide to 0.1 g into a 250 ml 
beaker, and add 35 ml of distilled 
water. Add 2 ml of ferric nitrate indi- 
cator solution and neutralize with 
concentrated nitric acid till iron pre- 
cipitate dissolves. Than add 1 to 2 ml 
excess. 

Add 0.2 ml of standard 0.1N potassium 
thiocyanate from a burette and titrate 
slowly with standard 0.1N silver ni- 
trate solution until the red color dis- 
appears. Then add an excess of at least 
2 ml. Stir vigorously until the silver 
chloride coagulates. Quantitatively fil- 
ter the sample through a medium- 
porosity sintered-glass filter to remove 
the silver chloride precipitate. Wash 
the precipitate with 5% nitric acid 
until it is free of silver nitrate. Back- 
titrate the excess silver nitrate in the 
filtrate with standard 0.1N potassium 
thiocyanate solution until a faint rust- 
red color persists. Compute the net 
volume in ml of standard silver nitrate 
solution consumed. 

Calculation 

% NaCI by weight 

_ (ml AgNQ 3 X N)— (ml KCNS X N) X 0.0585 X 10 0 
Weight of Sample (as received) 

% NaCI, A.B.* 

_ % NaCI by weight X 100 
~~ % NaOH by weight 




Preparation of Special 
Reagents and Solutions 

1. PREPARATION AND STAND- 
ARDIZATION OF SILVER 
NITRATE AND POTASSIUM 
THIOCYANATE: 

Preparation of 0.1N Silver Nitrate: 

Dissolve 17 g ± 0.1 g 0 f silver nitrate 
in distilled water. Add 5.5 ml of con- 
centrated nitric acid and dilute to 
1 liter. 

Preparation of 0.1N Potassium Thio- 
cyanate: Dissolve 9.78 g ± 0.1 g potas- 
sium thiocyanate (A.R.) in distilled 
water and dilute to one liter. 

If it is desirable to adjust the silver 
nitrate and potassium thiocyanate to 
exactly the same normality, titrate a 
quantity of the potassium thiocyanate 
with silver nitrate according to the 
procedure and determine the ratio of 
standard solution. 

c = ml AgNQ 3 
ml KCNS 

To dilute a solution with water: 

— ~ - X X = Y 

To strengthen a weak solution with 
a stronger solution: 

P — - ■ x Y = X 

actual concentration 
of the solution that is 
to be corrected 

desired concentration 

concentration of 
strengthening solution 

amount of stronger so- 
lution to be added, 
taken, or prepared 

amount of weaker solu- 
tion or water to be 
added or taken 
*Anhydrou s NaOH basis. 


C-D 
where A = 

D = 
C = 

X = 
Y = 


Standardization: Dry a small quan- 
tity of potassium chloride (A.R.) in 
the drying oven for 2 hours. Weigh 
0.07 grams ± 0.1 mg of dry, cool po- 
tassium chloride into a weighing bot- 
tle. Dissolve the potassium chloride 
in water and wash it into a 250 ml 
beaker. Titrate according to the gen- 
eral procedure. 

AgN0 3 Normality 

Grams KCl 

” 0.07456 [ml AgN0 3 - (ml KCNS) X C] 

KCNS Normality = AgN0 3 Normality X C 


2. FERRIC NITRATE INDICATOR SO- 
LUTION: 

Dissolve 100 g of ferric nitrate (A.R.) 
in distilled water and add 100 ml 
nitric acid (C.P.) sp gr 1.42. Dilute to 
one liter. 

Note: For assay work the solutions 
should be standardized on the day 
used and the titrant volumes cor- 
rected to 20°C per table on page 65. 


DETERMINATION OF LOW 
CONCENTRATIONS OF SODIUM 
CHLORIDE (NaCI) 

Turbidimetric Method 

Abstract 

The method involves the measure- 
ment of low concentrations of sodium 
chloride by a turbidimetric proce- 
dure. The method entails reaction of 
the acidified sample with an excess 
of silver nitrate. The resulting tur- 
bidity due to silver chloride is deter- 
mined spectrophotometrically. 

Application 

Mercury cell grade caustic soda. 

Precision 

The precision of the method is 
±0.002% NaCI by weight. 


NaOH 


Reagents 

Phenolphthalein indicator solution 
Dilute nitric acid (1:1) 

Standard silver nitrate solution (0.1N) 

Procedure 

Weigh a sample equivalent to approx- 
imately 5 g of anhydrous sodium hy- 
droxide to 0.1 g into a 250 ml beaker. 
Dilute the sample with 20 ml of dis- 
tilled water, chloride-free. Add 1 drop 
of phenolphthalein indicator solution 
and neutralize the sample solution 
cautiously by the addition of dilute 
(1:1) nitric acid. Render the solution 
slightly acidic by adding 1 drop of 
acid in excess. 

Transfer the solution to a 100 ml 
volumetric flask, cool to room tem- 
perature, and dilute to the mark with 
distilled water. Prepare another 100 ml 
volumetric flask filled to the mark 
with distilled water containing the 
same amount of phenolphthalein indi- 
cator and excess acid as used in the 
sample above. This solution serves 
as a blank. 

Add 1 ml of diluted (1:1) nitric acid 
solution to both the sample and blank 
solutions in the flasks. Mix thor- 
oughly. Add 1 ml of 0.1N silver ni- 
trate solution to each flask and mix by 
inverting once only, then set aside in 
the dark for 15 minutes. The total vol- 
ume of the sample and standard solu- 
tions in the 100 ml flasks is 102.0 ml. 
It is not necessary to standardize the 
silver nitrate solution volumetrically 
for this test. 

At the end of the digestion period 
transfer a sufficient amount of the 
blank solution to the 5 cm comparison 
cell of the spectrophotometer and 
measure the light transmittance of the 
blank at 425 mjn as compared with 
distilled water adjusted to 100 percent 
transmittance at 425 mjn. Record the 
transmittance value. 
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Repeat this measurement with the pre- 
pared sample solution, and record the 
transmittance value. Compute the 
grams of chloride in the sample 
(blank-corrected) from a previously 
prepared calibration for the spectro- 
photometer (see below). 

Calculation 

% NaCl by weight 

_ Grams of Cl~ from Chart X 1.6483 x 100 
Weight of Sample (as received) 

% NaCl, A.B.* 

_ % NaCl by weight X 100 
% NaOH by weight 

Calibration of 
Spectrophotometer 

Standard Chloride Solution: 

Weigh 2.1143 grams of oven-dried, 
reagent-grade potassium chloride and 
transfer to a 1000 ml volumetric flask. 
Dissolve the salt in distilled water and 
dilute to the mark. Mix thoroughly. 

Measure a 10 ml aliquot portion of 
this solution into another 1000 ml 
volumetric flask and dilute to the mark 
with distilled water. Mix thoroughly. 
One ml of the resulting solution con- 
tains 0.00001 g of chloride. 

Standardization Procedure 

Prepare a series of standards by meas- 
uring 1.0, 3.0, 5.0 and 10.0 ml of the 
standard chloride solution respec- 
tively into a series of 100 ml volumet- 
ric flasks. Dilute each standard to 100 
ml with distilled water and mix thor- 
oughly. Proceed with the turbidity 
development and measurement ac- 
cording to the directions given above 
for the samples. Conduct the turbidi- 
metric measurements versus distilled 
water in the reference cell. From these 
data prepare a calibration curve. 

^Anhydrous NaOH basis. 


DETERMINATION OF SODIUM 
SULFATE (Na 2 S0 4 ) 

Gravimetric Method 
Abstract 

The method involves the determina- 
tion of sulfate present in the caustic 
soda sample by precipitation as bar- 
ium sulfate in slightly acidic solution 
and the subsequent gravimetric deter- 
mination of the barium sulfate. 

Application 

Standard, low-iron and rayon grade 
caustic soda. 

Precision 

The precision of the method is ±0.02% 
Na 2 S0 4 by weight. 

Reagents 

Concentrated hydrochloric acid (C.P.), 
sp gr 1.19 

Methyl orange indicator solution 
Barium chloride, 10% solution 
Silver nitrate, 2% solution 

Procedure 

Weigh a sample equivalent to 25 g of 
anhydrous sodium hydroxide to 0.1 g 
into a 400 ml beaker. Add 200 ml of 
distilled water, 0.5 ml of methyl 
orange indicator solution and neutral- 
ize with concentrated hydrochloric 
acid. Adjust the volume to 300 ml 
with distilled water and add 3 ml of 
acid in excess. Heat the solution to 
boiling and add dropwise 20 ml of 
hot 10% solution of barium chloride. 

Continue boiling for 2 minutes, cover 
with a watch glass, and digest for sev- 
eral hours on a steam plate or water 
bath. Filter through a double thickness 
of Whatman No. 42 filter paper. Wash 
the precipitate until a separate 25 ml 
washing becomes only faintly opales- 
cent upon addition of a few drops of 


2% silver nitrate solution. Place the 
precipitate, together with the filter 
papers, in a tared platinum or porce- 
lain crucible; dry, char, and ignite at 
800° C to constant weight, and com- 
pute the weight of the barium sulfate 
precipitate. 

Calculation 

% Na 2 S0 4 by weight 

g BaS0 4 X 0.6086 X 100 
Weight of Sample (as received) 

% Na 2 S0 4 , A.B.* 

_ % Na 2 S0 4 by weight X 100 
% NaOH by weight 

Preparation of Special 
Indicator Solution 

Methyl Orange Indicator 
Solution: 

Dissolve 0.5 g of methyl orange in dis- 
tilled water and dilute to one liter. 
This solution should be filtered if 
turbidity develops. 

DETERMINATION OF LOW 
CONCENTRATIONS OF SODIUM 
SULFATE (Na 2 S0 4 ) 

Turbidimetric Method 
Abstract 

The method for measuring sodium 
sulfate in caustic soda involves the 
formation of finely divided barium 
sulfate in the acidified sample solu- 
tion by treatment with an excess of 
solid barium chloride. The sample 
matrix must contain 14.6 g of sodium 
chloride per 100 ml of test solution. 
The turbidity due to barium sulfate is 
measured with a photometer. 

Application 

Mercury cell grade caustic soda. 

Precision 

The precision of the method is 
±0.002% Na 2 S0 4 by weight. 
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NaOH 


Reagents 

Phenolphthalein indicator solution 
Acid mixture 

Concentrated hydrochloric acid (C.P.), 
sp gr 1.19 

Barium chloride crystals (turbidity 
grade) 

Procedure 

Weigh a sample equivalent to approx- 
imately 10 g of anhydrous sodium hy- 
droxide to 0.1 g into a 250 ml beaker. 
Add 1 drop of phenolphthalein indi- 
cator solution and neutralize with 
concentrated hydrochloric acid. This 
produces 14.6 grams of sodium chlor- 
ide. Add 5 ml of acid mixture to the 
sample and dilute to 100 ml in a short- 
form Nessler tube. Prepare a blank in 
a separate Nessler tube containing 
50 ml of 292.3 g/1 sodium chloride 
(14.6 g) and 5 ml of acid mixture which 
is diluted to 100 ml volume, mixed 
thoroughly and stoppered. 

Add 0.5 to 0.6 g of turbidity-grade 
barium chloride crystals, stopper the 
tube and mix by inverting and right- 
ing the tube through four cycles. Place 
in an upright position and allow to 
digest at room temperature for one 
hour without further mixing. 

At the conclusion of the digestion 
period, mix the sample by inverting 
and righting the tube through three 
cycles and place a sufficient portion 
of the solution in the 5 cm compari- 
son cell of the photometer and meas- 
ure the blue light transmittance of the 
sample solution immediately as com- 
pared with distilled water adjusted to 
100% blue light transmission. Measure 
the transmittance of the blank in like 
manner. Correct the sample dial for 
the blank dial in the following man- 
ner: (100 — blank dial) + (sample dial) 
= corrected dial. From the corrected 


dial determine the grams of sodium 
sulfate from a current calibration 
curve. 

Calculation 

% Na 2 S0 4 by weight 

g Na 2 S0 4 from Chart X 100 
Weight of Sample (as received) 

% Na 2 S0 4 , A.B.* 

_ % Na 2 S0 4 by weight x 100 
% NaOH by weight 

Calibration of the 
Spectrophotometer 

Measure 50 ml volumes of 292.3 g/1 
sodium chloride solution (14.6 g) into 
a series of 100 ml short-form Nessler 
tubes. Add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 
5.0, 7.0, and 10.0 ml of the standard 
sodium sulfate solution respectively 
to the tubes. Mix thoroughly and add 
5 ml of the acid mixture to each stand- 
ard. Dilute each standard to 100 ml 
with distilled water and mix thor- 
oughly. Add 0.5 to 0.6 g of barium 
chloride crystals to the standards at 
convenient intervals, to allow time for 
making turbidity measurements. One 
hour of digesting ±5 minutes does not 
alter the analysis. Obtain the blue 
light transmittance as described in 
the general procedure, and compute 
the corrected dial for each standard. 
Construct a calibration curve plotting 
the grams of sodium sulfate versus 
corrected dial. 

Special Reagents and Solutions 

1. STANDARD SODIUM SULFATE 
SOLUTION: 

Dissolve 0.5000 g of sodium sulfate 
(A.R.) in distilled water and dilute to 
1000 ml and mix thoroughly. One ml 
of this solution is equivalent to 0.0005 g 
of sodium sulfate. 

2. ACID MIXTURE: 

Dissolve 0.2700 g of sodium sulfate 
(A.R.) in 1260 ml of distilled water. 


Add 360 ml of 85% phosphoric acid 
(C.P.) and 180 ml of concentrated hy- 
drochloric acid (sp gr 1.19) and mix 
thoroughly. Resulting solution equals 
1800 ml. A 5 ml aliquot of this solu- 
tion when added to the neutralized 
sample solution provides the optimum 
acidity for precipitating the sulfate. 

3. SODIUM CHLORIDE SOLUTION: 

Dissolve 292.3 g of sodium chloride 
(A.R.) in distilled water and dilute to 
1000 ml. This is near a saturated solu- 
tion so heat to expedite dissolution. 

Note: The sodium chloride concentra- 
tion influences the rate and quality of 
the barium sulfate suspension and 
must be carefully controlled. 

DETERMINATION OF SODIUM 
CHLORATE (NaCI0 3 ) 

Arsenite-Bromate Method 
Abstract 

The method involves the reduction of 
the sodium chlorate in a caustic soda 
sample with an excess of standard 
sodium arsenite solution and the titra- 
tion of the excess arsenite with stand- 
ard potassium bromate solution. The 
arsenite consumed by the sample is a 
measure of the chlorate. 

Application 

Standard and low-iron grade caustic 
soda. 

Precision 

The precision of the method is ±0.01% 
NaC10 3 by weight. 

Reagents 

Standard solution of sodium arsenite 
(0.1N) 

Standard solution of potassium bro- 
mate (0.1N) 

Concentrated hydrochloric acid (C.P.), 
sp gr 1.19 

Methyl orange indicator solution 
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Procedure 

Weigh a sample equivalent to 5.0 g of 
anhydrous sodium hydroxide to 0.1 g 
into a 250 ml beaker. Dilute the sam- 
ple to approximately 75 ml with dis- 
tilled water and mix thoroughly. Add 
a measured excess of 0.1N sodium 
arsenite solution. Add sufficient con- 
centrated hydrochloric acid to result 
in a 2M excess with respect to the acid 
(a 2M excess is equivalent to 15 ml of 
36 percent hydrochloric acid). Add 
several glass beads and heat to boiling. 

Boil the solution for 3 minutes, add 7 
drops 0.1 percent methyl orange indi- 
cator solution and immediately back- 
titrate the excess arsenite with stand- 
ard potassium bromate solution to a 
colorless end point. Do not allow the 
solution to cool below 90° C during the 
titration. Compute the net volume of 
standard sodium arsenite solution 
consumed for the titration. The grams 
of chlorate are represented by the 
product of the respective net titration, 
normality and milliequivalent weight. 

Calculation 

% NaC10 3 by weight 

(ml NaAsOo X N)-(ml KBr0 3 XN)X 0.01774 X 100 
Weight of Sample (as received) 

% NaC10 3 , A.B.* 

_ % NaC10 3 by weight x 100 
% NaOH by weight 

Special Reagents and Solutions 

1. PREPARATION AND STANDARD- 
IZATION OF SODIUM ARSENITE 
AND POTASSIUM BROMATE 
SOLUTION 0.1 N: 

Preparation: Dissolve 2.7836 g of po- 
tassium bromate (A.R.) in 500 ml of 
distilled water and dilute to one liter 
in a volumetric flask. Mix thoroughly. 


* Anhydrous NaOH basis. 
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Standardization: Measure 20 to 40 ml 
of standard 0.1N sodium arsenite solu- 
tion from a burette into a 250 ml 
Erlenmeyer flask. Dilute to approxi- 
mately 100 ml with distilled water and 
add 15 ml of concentrated hydrochlo- 
ric acid (C.P.) sp gr 1.19. Heat the mix- 
ture to 95° C, add 6 drops of methyl 
orange indicator solution and titrate 
the mixture, while it is hot, with po- 
tassium bromate solution. When the 
indicator color has almost disap- 
peared, reheat the solution, add one 
more drop of methyl orange indicator 
solution and continue the titration 
very slowly until the red color has 
disappeared. 

Normality of KBr0 3 

_ ml NaAs0 2 X N NaAs0 2 
ml KBr0 3 

2. SODIUM ARSENITE SOLUTION 
0.1 N: 

Preparation: Dissolve 6.496 g of so- 
dium arsenite (A.R.) in 500 ml of dis- 
tilled water. Transfer to a 1 liter volu- 
metric flask and add 25 g of sodium 
bicarbonate (U.S.P.). Dilute the solu- 
tion to 1 liter with distilled water and 
mix thoroughly. 

Standardization: Dissolve 2 to 3 g of 
potassium iodide crystals (A.R.) in 
approximately 3 ml of distilled water 
contained in a suitable size weighing 
bottle and weigh to 0.1 mg. Place ap- 
proximately 0.5 g of iodine crystals 
(A.R.) in the weighing bottle and re- 
weigh to 0.1 mg. Record the increase 
in weight as the weight of iodine. 
Place the bottle and contents in a 
400 ml beaker containing 200 ml of 
1 percent potassium iodide solution. 
Titrate with the approximately 0.1N 
sodium arsenite solution until the 
mixture is straw yellow in color. Add 
5 ml of starch indicator solution and 
continue titrating until the dark blue 
color of the iodine starch complex 


disappears. Correct the volume of 
sodium arsenite used for the titration 
to 20° C. 

Normality of NaAs0 2 

= gj2 

0.12692 X ml NaAs0 2 

3. METHYL ORANGE INDICATOR 
SOLUTION: 

Dissolve 0.5 g methyl orange in dis- 
tilled water and dilute to 1 liter. This 
solution should be filtered if turbidity 
develops. 


DETERMINATION OF LOW 
CONCENTRATIONS OF SODIUM 
CHLORATE (NaCI0 3 ) 

Distillation Method 
Abstract 

The method involves the determina- 
tion of the net (total) oxidizing com- 
ponents in caustic soda by the decom- 
position of the chlorate with strong 
hydrochloric acid in the presence of 
excess potassium iodide. Free iodine 
equivalent to the chlorate content of 
the sample is liberated and subse- 
quently distilled, and is dissolved in 
a dilute potassium iodide solution. 
The iodine is titrated with standard 
sodium thiosulfate solution. Correc- 
tions are applied for the iodine lib- 
erated by iron in the sample. 

Application 

Mercury cell and rayon grade caustic 
soda. 

Precision 

The precision of the method is 
±0.0001% NaC10 3 by weight. 

Reagents 

Concentrated hydrochloric acid (C.P.), 
sp gr 1.19 
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NaOH 


Potassium iodide, 5% solution, W/V 
Starch indicator solution 

Standard sodium thiosulfate solution 
(0.01 N) 

Procedure 

Weigh a sample equivalent to 12.5 g of 
anhydrous sodium hydroxide to 0.1 g 
into a 250 ml reaction flask contain- 
ing 50 ml of distilled water. 

Add 1 ml of 5% potassium iodide 
solution and several glass beads. Con- 
nect the reaction flask to the distilla- 
tion apparatus. Charge the distillate 
receiver flask with 50 ml of 5% potas- 
sium iodide solution and position in 
the distillation apparatus in such a 
manner as to allow the delivery tube 
from the downward condenser to dip 
beneath the surface of the liquid. 
Carefully neutralize (he sample in the 
reaction flask with concentrated hy- 
drochloric acid by allowing the acid 
to drop from the separatory funnel 
supported in the neck of the reaction 
flask. Add 5 ml of concentrated acid 
in excess and close the stopcock. Heat 
the sample solution to boiling and 
distill for 10 to 15 minutes. Titrate the 
iodine distillate with standard sodium 
thiosulfate, using 5 ml of starch indi- 
cator. The end point is evidenced by 
the disappearance of the blue color 
of the iodine-starch complex. Correct 
the titration for a reagent blank simi- 
larly processed using distilled water 
in place of the sample. 

Calculation 

The grams of chlorate are represented 
by the product of the respective titra- 
tion normality (corrected for blank) 
and milliequivalent weight. When de- 
sirable, the chlorate equivalents of 
other determined interfering elements 
(iron and manganese) may be sub- 
tracted from the total oxidizing value 
to obtain the net oxidizing value due 
to chlorate. 


A = Total Oxidizing Components 
as % NaC10 :i by weight = 

(ml Na..S.,0 { for Sample — ml Na .S..O . 
lor Blank) X N X 0.0177 x 100 
Weight of Sample* (as received) 

Corrections for Fe and Mn present: 

B = % NaC10 :{ equivalent to Fe = 
% Fe x 0.318 

C = % NaC10 :t equivalent to Mn = 
% Mn X 0.65 

%NaC10 3 by weight = A — (B + C) 

Special Reagents and Solutions 

1. CONCENTRATED HYDRO- 
CHLORIC ACID (C.P., low-iron), 
sp gr 1 . 1 9 

2. POTASSIUM IODIDE, 5% 
SOLUTION (W/V): 

Dissolve 25 g of potassium iodide crys- 
tals (A.R.) in distilled water and dilute 
to 500 ml. Prepare fresh daily. 

3. STARCH INDICATOR SOLUTION: 

Prepare a thick starch paste by mixing 
1.25 g of soluble starch with a few ml 
of distilled water. Heat 250 ml of dis- 
tilled water to boiling and add the 
starch paste to the boiling water. Mix 
thoroughly and add 0.3 g of salicylic 
acid as a preservative to the hot starch 
solution. Cool and store in a suitable 
bottle. Prepare fresh weekly. 

4. SODIUM THIOSULFATE 
SOLUTION: 

Preparation of 0. 1 N Na 2 S 2 0 3 : Dissolve 
25 g ±0.1 g of sodium thiosulfate 
(A.R.) in 500 ml of freshly boiled and 
cooled distilled water and dilute to 
one liter with additional prepared dis- 
tilled water. Add 5 ml of chloroform 
and allow the solution to age a few 
days before standardizing. 
Standardization: Dissolve 2 to 3 g of 
potassium iodide crystals (A.R.) in ap- 
proximately 3 ml of distilled water 
contained in a weighing bottle and 
weigh to 0.1 mg. Place approximately 


0. 5. g of iodine crystals (A.R.) in the 
weighing bottle and reweigh to 0.1 mg. 
Record the increase in weight as the 
weight of iodine. 

Place the bottle and contents in a 
400 ml beaker containing 200 ml of 
1 percent potassium iodide solution. 
Titrate the iodine with the 0.1N so- 
dium thiosulfate solution until the 
mixture is straw-yellow in color. 
Add 5 ml of starch indicator solution 
and continue titrating until the dark 
blue color of the iodine-starch com- 
plex disappears. Correct the volume 
of titrant to 20° C (see table on page 65). 

Normality of Na 2 S 2 0 3 

= 8J2 

0.12692 X ml Na 2 S 2 O a 

Preparation of 0.01 N Na 2 S 2 0 3 : Dilute 
standardized 0.1N Na 2 S 2 0 3 solution 
1:10 with freshly boiled and cooled 
distilled water. The normality factor 
is calculated on the basis of the dilu- 
tion ratio. 

Notes 

1. Boil out the equipment with dis- 
tilled water after each determination. 

2. When the iron and manganese cor- 
rections are found equal to the oxidiz- 
ing components in the sample, it is 
assumed that the chlorate in the sam- 
ple is zero. 

3. When the iron and manganese cor- 
rections are greater than the deter- 
mined total oxidizing properties of the 
sample, it may be assumed that the 
sample possesses reducing qualities. 
In such instances the reducing prop- 
erties may be expressed in terms of 
chlorate equivalents (reducing). 

4. The acidity, volume, and time of 
the distillation must be standardized 
because the iodine liberated is some- 
what dependent on these variables. 
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DETERMINATION OF IRON (Fe) 

o-Phenan throline 
Colorimetric Method 

Abstract 

The method involves the determina- 
tion of iron in caustic soda by the 
spectrophotometric measurement of 
the iron ortho-phenanthroline com- 
plex. The method entails acidification 
of the sample with hydrochloric acid, 
treatment with a solution of hydrox- 
ylamine hydrochloride to reduce the 
iron to Fe(II), adjustment of the pH 
value of the solution, and the addi- 
tion of the complexing agent ortho- 
phenanthroline solution. The color of 
the solution is measured spectropho- 
tometrically at a wavelength of 510 
mju. The procedure is standardized 
and performed in a sodium chloride 
matrix. 
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Application 

All grades of caustic soda. 

Precision 

The precision of the method is 
±0.00005% Fe by weight. 

Reagents 

Concentrated hydrochloric acid (C.P.), 
sp gr 1.19 

Hydroxylamine hydrochloride solu- 
tion, 10% W/V 

Acetate buffer solution 
o-Phenanthroline solution, 1% W/V 

2,4-Dinitrophenol indicator solution, 
0.1% W/V 

Sodium chloride crystals (purified 
grade) 

Procedure 

Weigh a sample equivalent to 5.0 g of 
anhydrous sodium hydroxide to 0.1 g 
into a 125 ml beaker and dilute to 
50 ml with distilled water. Add 0.5 ml 


of dinitrophenol indicator solution 
and neutralize the sample with con- 
centrated hydrochloric acid. Cool the 
solution to room temperature and then 
render slightly acidic by the addition 
of two drops of concentrated hydro- 
chloric acid. Transfer the slightly 
acidic solution to a 100 ml volumetric 
flask and reserve. 

Since the spectrophotometric meas- 
urements are made against a reagent 
blank containing 7.3 g of sodium 
chloride, its preparation should be 
initiated at this point in the analysis. 

Weigh 7.3 g of purified sodium chlo- 
ride (iron-free) into a 100 ml volumet- 
ric flask and dissolve in approximately 
50 ml of distilled water. Add 0.5 ml 
of dinitrophenol indicator solution 
and neutralize by dropwise additions 
of concentrated hydrochloric acid or 
ammonium hydroxide, then render 
the solution slightly acidic by adding 
two drops of concentrated hydro- 
chloric acid. 

To both the sample and blank, add 
1 ml of 10 percent hydroxylamine 
hydrochloride solution and mix thor- 
oughly. Allow the solutions to digest 
10 minutes to effect reduction of the 
iron to the ferrous state. After reaction 
add 10 ml of the acetate buffer solu- 
tion and mix thoroughly. The pH of 
this solution should be between 4 and 
5. Add 5 ml of ortho-phenanthroline 
solution, dilute to 100 ml with dis- 
tilled water and mix the solutions 
thoroughly. 
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Allow the solutions to stand for 15 
minutes, then transfer an appropriate 
volume of the prepared solutions to a 
5 cm comparison cell of the spectro- 
photometer. Measure the transmit- 
tance of the sample at 510 m/i as com- 
pared with the blank. 

Consult the calibration curve for the 
spectrophotometer to obtain the num- 
ber of grams of iron in the sample. 

Calculation 

% Fe by weight 

_ g Fe from Calibration Curve X 100 
Weight of Sample (as received) 

% Fe, A.B.* 

% Fe by weight X 100 
% NaOH by weight 

Calibration of Spectro- 
photometer 

Place 7.3 g of pure sodium chloride 
(iron-free) into a series of 100 ml 
volumetric flasks and dissolve the salt 
in approximately 30 ml of distilled 
water. Measure 0.0, 0.5, 1.0, 2.0, 4.0, 
7.0, and 10.0 ml repectively of the 
standard iron solution into the flasks. 

Add 0.5 ml of dinitrophenol indicator 
solution and neutralize by the drop- 
wise addition of ammonium hydrox- 
ide, then render the solution slightly 
acidic by the addition of 2 drops of 
concentrated hydrochloric acid. Pro- 
ceed with the preparation of the stand- 
ards as described in the procedure 
above. Construct a calibration curve 
from the calibration data. 


* An hydrous NaOH basis. 


NaOH 


Special Reagents and 
Solutions 

1. STANDARD IRON SOLUTION: 

Dissolve 0.1000 g of iron (A.R.) in a 
mixture of 20 ml of hydrochloric acid 
and 50 ml of distilled water. Heat the 
mixture gently to expedite solution of 
the iron metal. When the solution is 
dissolved, dilute it to 1 liter with dis- 
tilled water and mix. Dilute a 100-ml 
aliquot of this solution to 1000 ml and 
mix. One ml of the resulting solution 
contains 0.00001 g of iron. 

2. ACETATE BUFFER SOLUTION: 

Dissolve 272 grams of sodium acetate 
trihydrate in 500 ml of distilled water. 
Add 240 ml of glacial acetic acid, cool 
and dilute to one liter with distilled 
water. 

3. o-PHENANTHROLINE SOLUTION, 
1 %(W/V): 

Dissolve 5.0 g of 1,10-ortho-phenan- 
throline in methyl alcohol and dilute 
to 500 ml with alcohol. Store this so- 
lution in a glass-stoppered amber 
bottle. Prepare fresh solution each 3 
to 4 weeks. 

4. 2,4-DINITRO PHENOL INDICATOR 
SOLUTION, 0. 1 %(W/ V): 

Dissolve 0.1 g of 2,4-dinitrophenol in 
distilled water and dilute to 100 ml. 

5. HYDROXYLAMINE HYDRO- 
CHLORIDE SOLUTION, 

1 0%(W/V): 

Dissolve 50 g of hydroxylamine hy- 
drochloride in distilled water and 
dilute to 500 ml. 


Volumetric Temperature 
Correction Table 


Temperature, °C 

Water and 0.1 N 
Solutions, ml/l 1 

IN HCI 2 

15 

+ 0.77 

+ 0.97 

16 

+ 0.64 

+ 0.79 

17 

+ 0.50 

+ 0.61 

18 

+ 0.34 

+ 0.41 

19 

+ 0.18 

+ 0.21 

20 

0 

0 

21 

-0.18 

-0.22 

22 

-0.38 

-0.44 

23 

-0.59 

-0.67 

24 

-0.81 

-0.91 

25 

-1.03 

— 1.17 

26 

-1.27 

-1 .43 

27 

-1.52 

-1.70 

28 

-1.77 

-1.98 

29 

-2.04 

-2.26 

30 

-2.31 

-2.55 


’"Handbook of Chemistry and Physics,” 48th 
ed, The Chemical Rubber Company, Cleveland, 
Ohio, 1967-1968, p F2. 

2 "Chemical Annual,” 7th ed, D. Van Nostrand 
Company, Inc., Princeton, New Jersey, 1934, 
p 71. 

This table gives the correction to be added per 
liter to the observed volume of water, or stand- 
ard 0.1N solution, to give the volume at the 
standard temperature 20°C. Conversely, by ap- 
plying the corrections to the volume desired at 
20°C, the volume that must be measured out at 
the designated temperature in order to give the 
desired volume at 20°C will be obtained. The 
volumes are measured in glass apparatus having 
a coefficient of cubical expansion of 0.000025 
per degree C. 

A formula for calculating volumetric tempera- 
ture corrections appears in “ASTM Standards," 
Part 22, 1968, Designation E-200-67, page 457. 
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Soaps, detergents and cleaners all use caustic soda 
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Chapter 1 0 

METHODS OF MANUFACTURE 


Caustic soda is a hazardous, reactive chemi- 
cal. Before persons work with caustic soda, 
they should be instructed in safe handling 
practices and first aid, and should wear the 
recommended protective clothing and 
equipment (see chapter 3). 


LIME-SODA PROCESS 

The lime-soda process was the only commercial method of manufacturing 
caustic soda until 1890, when processes for simultaneous production of caustic 
soda and chlorine by the electrolysis of brine were introduced. Lime-soda 
process techniques improved over the centuries from the time soap was made 
in ancient days, but every process still depended on the reaction of slaked 
lime (calcium hydroxide) with soda ash (sodium carbonate) to produce caustic 


soda (sodium hydroxide) and calcium 

carbonate. 


In chemical notation: 



Calcium Sodium 

Sodium 

Calcium 

Hydroxide Carbonate 

Hydroxide 

Carbonate 

Ca(OH)., + Na.,CO.j 

2NaOH + 

CaCO< 


DIAPHRAGM CELL PROCESS 

After 1890, the number of electrolytic chlor-alkali plants increased until, by 
1940, most caustic soda was produced by the electrolysis of brine. 

The diaphragm cell method is a one-step process. The over-all reaction is: 


Sodium 

Chloride + Water 


2NaCl 


+ 2 H ..0 Dirocl 

Current 


Sodium 

Chlorine + Hydrogen 4- Hydroxide 
CL, + H 2 + 2NaOH 


The earlier diaphragm cells consisted of a shell having a concrete bottom, a 
steel mid-section, and a concrete top. The electrodes consisted of a graphite 
anode and a steel wire mesh cathode. With the conversion to the dimensionally 
stable anodes (DSA) in the early 1970’s and improved materials of 
construction, several changes in diaphragm cell design occured. Instead of 
using concrete tops and bottoms, the modern diaphragm cells are constructed 
with steel bottoms and plastic tops. The DSA anodes are titanium with an 
electrolytic coating. The cathode is still steel but in selected cases an 
electrolytic coating is used. The conversion to DSA anodes provided a 
significant reduction in the cell power consumption. The diagram on the 
facing page shows a design of a modern monopolar diaphragm cell. 

The anode and cathode are separated by a “diaphragm” made from a deposited 
layer of asbestos fiber that coats each cathode. The diaphragm serves to keep 
the caustic soda and hydrogen separated from the anolyte, but it also has an 
additional function by controling the flow of electrolyte to the cathode. In this 
manner, the optimum efficiency in formation of caustic and chlorine can be 
maintained. 


The electrolyte in Ihe cell is a solu- 
tion of sodium chloride. Natural salt, 
however, contains varying quantities 
of calcium, magnesium and other im- 
purities. The brine is treated to re- 
move these contaminants by precipi- 
tation. The brine is then filtered to 
remove the precipitates and any other 
undissolved solids that may be pres- 
ent. At this stage the brine has too 
low a concentration of sodium chlo- 
ride for efficient cell operation. It is 
brought to the desired strength either 
by addition of purified salt or by evap- 
oration of some of the water. 

For convenience, cells are arranged in 
series electrically, each circuit con- 
sisting of several rows of cells. Two 
rows share a brine distribution line 
and collecting systems for chlorine 
and hydrogen. On the aisle side of 
each row is a pipe line for collecting 
caustic. Brine How to each cell is in- 
dividually controlled. 

When direct current electricity flows 
between anodes and cathodes and 
through the brine, chlorine collects at 
the anode plates and hydrogen collects 
inside the cathode screen. Sodium 
combines with the hydroxyl ion of 
water to form caustic soda (sodium 
hydroxide) at the cathodes. The chlo- 
rine bubbles up through the brine and 
is carried away by the chlorine-col- 
lecting system. Similarly, hydrogen is 
collected from the cathode section. 
The caustic solution is drawn off 
from the cell’s lower side. 

The caustic solution as it comes 
from the cell is approximately 12 
percent sodium hydroxide. The solu- 
tion is evaporated to 50 percent or 
73 percent sodium hydroxide. The 
latter can be further concentrated 
to the anhydrous state and sold in 
the form of PELS caustic soda beads. 
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Circuit of diaphragm cells with dimensionally stable anodes. 





METHODS OF MANUFACTURE 


BIPOLAR DIAPHRAGM 
ELECTROLYZERS 

The diaphragm cells just described 
are classed as monopolar; each cell in 
a series circuit is connected by bus 
bars. Bipolar electrolyzers consist of 
a number of bipolar diaphragm cells, 
usually eleven, in a series circuit of 
up to 20 electrolyzers. The bipolar 
design permits current to flow inter- 
nally within an electrolyzer from one 
cell to another, instead of through 
external bus bars, which are needed 
only between electrolyzers. 


The bipolar electrolyzer design is the 
result of a joint development effort 
begun by PPG and de Nora in 1969 
after many years of working separately 
on bipolar cell design. These bipolar 
electrolyzers were commercialized 
in 1973. 

The bipolar electrolyzers have dimen- 
sionally stable metal anodes made of 
titanium coated with mixed metal 
oxides. A constant small gap is main- 
tained between anode and cathode, 
minimizing resistance loss through 
the electrode. Because the open 


design of the dimensionally stable 
anodes lets the chlorine escape from 
behind, the resistive path in front of 
the anodes is also reduced. 

The bipolar design also lowers the 
resistance through the electrolyte and* 
in the fastenings and connections 
between cells of an electrolyzer. As 
a result, the cell voltage of bipolar 
electrolyzers is substantially less than 
that of monopolar diaphragm cells. 



Bipolar diaphragm electrolyzer 
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Each cell of a bipolar electrolyzer 
has its own brine reservoir made of 
fiberglass-reinforced polyester. The 
reservoir provides an emergency 
stand-by supply of brine in case brine 
flow to the cell should be temporarily 
stopped. 

Bipolar electrolyzer cell rooms have 
portable cutout switches which per- 
mit single electrolyzers to be taken 
out of service without interrupting 
the operation of an entire circuit. The 
electrolyzer can be removed from the 
cell room to a cell renewal facility by 
a transporter system. 

Major benefits of the bipolar electro- 
lyzer include lower power consump- 
tion, high current efficiency, and 
reduced floor space requirements. 


Nozzle 



Anodes 


Bipolar element of electrolyzer 
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METHODS OF MANUFACTURE 


MERCURY CELL PROCESS 

The mercury cell is really two cells. 
In the primary unit, chlorine and 
sodium are released by electrolysis 
of brine; the chlorine is drawn off, 
and the sodium dissolves in the 
mercury cathode, forming an amal- 
gam. In the secondary unit, the 
sodium in this amalgam reacts with 
water, forming sodium hydroxide 
and releasing hydrogen. The reaction 
for this method is as shown. 

The mercury cell process is in two 
steps. The overall reaction in the 
primary cell is: 

. Direct 

2NaCl + (Hg) x 2Na + (Hg) x + Cl, 

The sodium produced at the cathode 
dissolves in the mercury to form an 
amalgam. The overall reaction in the 
secondary cell is: 

2Na(Hg) x + 2H z O 2NaOH + H 2 + 2(1 Ig) x 

There are several different types of 
mercury cells, some vertical, some 
horizontal. PPG Industries Chemicals 


Group uses two types of horizontal 
cells, the German-designed Uhde 
cells and the Italian de Nora cells. The 
primary cell is a broad, shallow steel 
trough, quite long, although shorter 
than an average battery of diaphragm 
cells. The top is a tightly fitting flat 
steel plate, or rubber cover. 

The sides of the cell and the under- 
side of the cover, which come into 
contact with chlorine, are protected 
by a rubber lining. 

The cathode is a slowly flowing 
stream of mercury which spreads 
across the floor of the cell. The mer- 
cury inlet end of the cell is slightly 
higher than the outlet end, so that 
the desired rate of flow is maintained 
by gravity. The metal anodes are 
dimensionally stable and mounted 
with the broad face parallel to the 
mercury bed. Vertical position of 
anodes is adjustable from outside the 
cell, permitting maintenance of opti- 
mum space between anodes and 
cathode (see diagram shown below). 


The secondary cell, at one side of the 
primary, is of the same length but is 
much smaller in cross-section and is 
unlined. This cell is operated so that 
the mercury becomes the anode; 
graphite grids form the cathode. 
Anode and cathode are in contact. 
The cell functions, in effect, like an 
internally shorted battery. 

Raw brine for the mercury cell process 
is purified and concentrated in much 
the same way as for the diaphragm 
cell process. The effluent of brine 
from the mercury cell is depleted by 
partial removal of chlorine and 
sodium. This brine is recovered, 
resaturated and recirculated. 

The amalgam from the primary cell 
flows to the secondary cell. Pure 
water flows over this amalgam; its 
decomposition is aided by the electric 
current between the amalgam and the 
graphite grids; hydrogen is liberated 
and caustic soda solution is formed. 


De Nora Mercury Cell 



DECOMPOSER 
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MEMBRANE CELL PROCESS 

The membrane cell in many respects 
is similar to a diaphragm cell except 
that a high strength, high purity caus- 
tic is produced at the cell. Both mono- 
polar and bipolar cells are available. 
The use of an ion exchange membrane 
in lieu of an asbestos diaphragm and 
nickel instead of steel construction 
for the cathode compartment consti- 
tute the major design differences. A 
schematic of a membrane cell is 
shown below. 

Brine treatment for the membrane cell 
process is the same as for the dia- 
phragm cell except that the purified 
brine is passed through an ion 
exchange resin. Also, since the brine 
does not pass through the membrane, 


the depleted brine from the cell is 
normally recirculated in a closed loop 
system. This requires dechlorinating 
and resaturating the brine. The brine 
in selected situations is used on a 
“once through basis’’ by resaturating 
the depleted brine and feeding it to a 
diaphragm cell circuit. 

In the electrolysis of brine, chlorine is 
produced at the anode. The sodium 
ion that is generated is selectively 
allowed to pass through the mem- 
brane. In the cathode compartment, 
hydrogen is produced at the cathode 
with the sodium ion reacting with the 
hydroxyl ion to the caustic soda. The 
caustic solution is recirculated and 
deionized water added to maintain the 
sodium hydroxide concentration at 


normally between 32 to 35% depend- 
ing on the membrane used. For certain 
membranes, a lower caustic concen- 
tration must be maintained. 

Because of the higher caustic strength, 
the cathode compartment is generally 
constructed with nickel. Since the 
nickel cathode is not as good an elec- 
trode material as steel, an electrolytic 
cathode coating is generally used to 
minimize the cell power consumption. 

The caustic solution from the cells can 
be used “as is’’ for most captive require- 
ments or evaporated to 50 percent 
employing a relatively simplistic 
evaporator system. This high purity 
caustic can also be concentrated to 73 
percent or to anhydrous caustic soda. 


Schematic of Membrane Cell 

MEMBRANE 




CATHODE 
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PPG CHEMICALS FOR INDUSTRY 


Besides the chemicals listed here, 
a list of PPG visual training aids 
appears on page 75. A reference to 
the nine training aids is printed 
with the pertinent products. 


CARBONATES 

Dimethyl and Diethyl Carbonates are 
commercially available. Some developmental 
and experimental carbonates can be 
ordered. 55-gal drums; tank trucks; tank 
cars. 


ACID CHLORIDES 

Pivaloyl, 2-Ethyl hexanoyl, and Neodecanoyl 
Chlorides are commercially available. Other 
developmental and experimental acid chlor- 
ides can be ordered. 55-gal. drum; tank 
trucks. 


AIRCRAFT FUEL ANTI-ICING 
MICROBIOCIDAL, FUEL ADDITIVE 

Military and commercial formulation. Tank 
cars and tank trucks. 


Prist® Anti-icing Microbiocidal, Fuel Add- 
itive for business and general aviation. 
Cartons of 20-oz and 8-oz pressurized 
cans and 55-gal drums and 5-gal pails. 


ANHYDROUS AMMONIA 

Commercial and metallurgical-refrigeration 
grades. Tank trucks; 26- and 78-ton tank 
cars. 


BIOCHEMICALS 

Plant Growth Regulators and Herbicides 
Bud A//p™ 

Systemic suck control agent for tobacco. 
Two 2-gal jugs/carton. 

Chem Hoe ® IPC 

FL 4 (flowable): 5-gal pails; 15G 
(15% granular): 50-lb paper bags. 

Fur/oe® Chloro IPC 

EC (Emulsifiable Concentrate): Two 2Y2-gal 
jugs/carton. Granular: 20% active, 50-lb 
paper bags. 

Genate P/us™ 

Selective corn herbicide. 55-gal drums. 
2V2-gal jug (2 per carton). Also in bulk. 

Genep™ EPTC 

Selective herbicide. 5-gal; two 2Y2-gal 
jugs/carton. 

Sprout Ntp® potato sprout inhibitor 
Emulsifiable concentrate: 1-, 5- and 30-gal 
drums. Aerosol grade: 5-gal cans. 

CALCIUM HYPOCHLORITE 

Disinfectant, oxidizing agent, bactericide, 
algicide, and bleach. Free-flowing high-test 
calcium hypochlorite granules or tablets 
containing 65% available chlorine. 

Plttclof® Granular 

100-lb, 75-lb, 50-lb fiber drums. 25-lb PE 
pail. 6-lb PE jugs (6 per case). 

tnduclor ,m Granular 
400-lb, 100-lb fiber drums. 

Repak ™ Granular and Tablets 

400-lb, 100-lb fiber drums. 

Plttabs® 

7 gram— %" dia, W' thick slow dissolving. 
High-test calcium hypochlorite tablet 
containing 65% available chlorine. 

100-lb fiber drum. 35-lb PE pail. 7Vfc-lb PE 
jugs (6 per case). 

Zappif “ Super Chlorinator and 
Shock Treatment 

Two decorative display boxes each contain- 
ing 12 one-pound polyethylene pouches. 


CAUSTIC SODA 

— Training Aids #1, 3, 4, 5 

Liquid— Standard, Mercury Cell and Rayon 
Grades 

50% and 73% concentrations: tank trucks; 

8,000-, 10,000- and 16,000-gal insulated, 
lined tank cars. Also barges and ships 
(50% only). 

Pels® Beads 

500- and 100-lb drums; 50-lb bags, 
palletized and shrink-wrapped. Bulk 
(PD hopper cars and trucks). 


CHLORINATED BENZENES 

Dizene™ 

emulsifiable orthodichlorobenzene 

55-gal drums (550 lb net); tank trucks; 
tank cars. 

Monochlorobenzene 

55-gal drums (500 lb net); 8,000-, 10,000- 
and 20,000-gal tank cars; tank trucks 
and barges. 

Orthodichlorobenzene 

Refined and technical grades: 55-gal drums 

(600 lb net); tank trucks; 8,000-, 10,000- and 

20.000- gal tank cars. 

Paradichlorobenzene 

Solid in 5 mesh sizes; nuggets and coarse, 
medium, small and fine crystals. 300-lb 
fiber drums. Bulk liquid in tank trucks and 

8.000- and 10,000-gal tank cars. 


CHLORINATED C2 
HYDROCARBONS 
Ethyl Chloride 

Tank trucks, tank cars and barges. 

Ethylene Dichloride 

Tank trucks, tank cars, barges and ships. 

CHLORINATED SOLVENTS 

— Training Aids #6, 1, 8 

Methylene Chloride 

55-gal drums (600 lb net); also tank trucks. 
Perchlorethylene (perchlor) 

Dry cleaning and degreasing grades: 55-gal 
drums (70 lb net). Also tank trucks and 
barges; 4,000-, 8,000-, 10,000- and 20,000- 
gal tank cars. 

Trichlorethylene (trichlor) 

Degreasing, general solvent and high-purity 
grades: 55-gal drums (660 lb net). Also tank 
trucks and barges: 4,000-, 8,000-, 10,000- 
and 20,000-gal tank cars. 

Tri-Ethane® 

1,1, 1-trichloroethane, stabilized 

For metal degreasing, aerosols, adhesives, 
electronic applications and general solvent 
use: 55-gal drums (585 lb net); tank trucks; 

4,000-, 8,000-, 10,000- and 20,000-gal 
tank cars. 


CHLORINE 

— Training Aid #2 

Tank cars and barges 


CHLOROFORMATES 

Methyl, Ethyl, Isopropyl, Isobutyl, Allyl, 
sec-Butyl, 2-Ethylhexyl, Banzyl and Phenyl 
Chloroformates are commercially available. 
Many developmental and experimental 
chloroformates and bischloroformates can 
be ordered. 55-gal drums; tank trucks; 
tank cars. 


ETHYLENE PRODUCTS 
Monoethylene Glycol 
Diethylene Glycol 

Tank truck, tank cars, barges and ships. 

Triethylene Glycol 

Tank trucks and tank cars. 

Ethylene Glycol Methyl Ethers (For jet fuel 
anti-icing uses only) 

Tank trucks and tank cars. 

Ethylene Oxide 

Tank cars. 


FLAME RETARDANT 

ADDITIVES 

(Available as powder in 50-lb drums, or in 
concentrate form) 
fThese products are available in 
developmental quantities. 

t FSB-1 00 

For synthetic fibers and polypropylene 
molding resins. 

fFSB-113, FSB-136 

For PBT and nylon resins. 

t FSB-1 14 

For ABS molding resin. 

FSB-164 

For crystal and expandable polystyrene resin. 

FSB-183 

For high-impact polystyrene, polyolefins 
and nylon resins, and for fiber applications. 

FSB-190 

For ABS molding resin. 

FSB-300 

For high-impact polystyrene. 

FSB-310 

For polyolefins and polystyrenes. 

ADDITIVES (Available as liquids) 

FSB-301 

Water-based additive for cellulosic 
products such as FR paper. 

FSB-302, FSB-303, FSB-304 
Liquid bromine - phosphorus additive for 
unsaturated polyesters, phenolics, 
polyurethanes & PVC. 

CONCENTRATES 

FSPE-105 

Designed for HOPE applications. 

FSPE-115 

Designed for LDPE applications including 
extrusion onto wire. 

FSPE-125 

Designed for PE injection molding 
applications. 

FSPP-205 

Designed for V-2 polypropylene applications. 

FSPP-215 

Designed for V-0 polypropylene applications. 

Antimony Oxide Concentrates 

Concentrates of antimony trioxide are 
available in PE, EVA, PP, CLPE, TPE, ABS, 
PS, SAN, PBT and Nylon. 
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COMPOUNDS 

(Ready-to-use flame retardant polyolefin 
compounds that meet UL-94 specifications) 

FSPE-101 

Polyethylene compound for wire and cable 
application, 50-lb paper bags. 

FSPP-201 

V-0 polypropylene homopolymer compound 
for molding applications. All colors. 

1500-lb boxes. 

FSPP-211 

V-0 polypropylene copolymer compound 
for molding use. All colors. 1500-lb boxes. 
FSPP-231, FR-4145, FR-4348 
V- 2 polypropylene compounds specially 
designed for molded electrical parts. All 
colors. 1500-lb boxes. 

FSPP-241 

Low specific gravity V-0 polypropylene 
compound containing no halogen or 
antimony oxide. 

FLATTING AGENTS 

Ultrafine Amorphous Silica Powders 

Highly efficient agents for reducing gloss of 
paints, varnishes and lacquers. Textile 
delustrant. Thickener. Carrier. Light bulb 
coating. 

Lo-Vel ® 27 and 66 for furniture lacquer and 
vinyl fabric topcoat lacquer and wherever 
Hegman 6 is required. 

Lo-Vel 27 in 20-lb bags. 

Lo-Vel 66 in 10-lb bags. 

Lo-Vel® 275 for coil coatings and clear 
finishes. 

25-lb bags. 

Lo-Vel ® 28 for coil coatings and varnishes. 

25 lb-bags. 

Lo-Vel® 29 for coil coatings used for house 
siding. 

25-lb bags. 

Lo-Vel® 39A for textured finishes. 

Sanding aid for auto primer paint: 

25-lb bags. 

All grades of Lo-Vel silica bags are 
palletized and stretch-wrapped. 

MONOMERS 

CR-39® Allyl Diglycol Carbonate Monomer 

For manufacturing optical plastic products. 
5-gal drums (45 lb net). 

55-gal drums (500 lb net). 

Vinyl Chloride Monomer 

Bulk (tank cars, barges and ships). 

Vinylidene Chloride Monomer 

50- and 90-ton tank cars; tank trucks. 

MURIATIC ACID 

Hydrochloric acid— 20° Baume 

Tank trucks; 8,000-, 10,000- and 20,000-gal 
rubber-lined tank cars. 

ORGANIC PEROXIDES 

EHP (ethylhexyl percarbonate) 

Polymerization initiator for ethylene and 
vinyl chloride; shipped in 1-gal bottles; in 
trucks with special permits. Available as 
dilute solutions. 

IPP (isopropyl percarbonate) 

Polymerization initiator for CR-39, ethylene, 
vinyl chloride and methacrylate: shipped 
frozen in 10-lb trays; in trucks with special 
permits. Available as commercially pure or 
as dilute solutions. 


•Registered trademarks of PPG Industries. Inc 


NPP (normal propyl percarbonate) 

Polymerization initiator for CR-39, ethylene, 
vinyl chloride and methacrylate: shipped in 
1-gal bottles; in trucks with special permits. 
Available as commercially pure or as dilute 
solutions. 

SBP (secondary butyl percarbonate) 

Polymerization initiator for CR-39, ethylene, 
vinyl chloride and methacrylate: shipped in 
1-gal gottles; in trucks with special permits. 
Available as commercially pure or as dilute 
solutions. 

40% SBP and 40% EHP frozen emulsion 

Polymerization initiator primary for use in 
aqueous systems such as the suspension 
polymerization of vinyl chloride. Shipped 
frozen in cartons holding 30 lbs. Special 
shipping permits not required. 

PHOSGENE 

1-ton net tanks on trucks and multi-unit 
tank cars. 

POLYCARBONATE DIOLS 

Duracarb™ 120 series diols— polyols for 
polyurethane elastomer applications. 

55-gal drum. 

Duracarb™ 140 series diols— polyols for 
hard plastic polyurethane applications. 
55-gal drum. 

POTASH 

Potassium Chloride 

Trucks and railcars. 55-lb bags. 

PULP AND PAPER PERFORMANCE 
CHEMICALS 

Process aids, paper additives and pulping 
and bleaching aids. 

SILICA PRODUCTS 

Hi— Sit® 132, 233 and 250 Powders 

Hi-Sil® 243 LD Low Dust 
Hi-Sil® 210 Pellets 

Extremely fine particle hydrated amorphous 
silicas for rubber reinforcing, agricultural 
chemicals, flow conditioning, plastics, 
paints: Hi-Sil 132, 233 and 250 in 44-lb 
(20-kg) paper bags palletized and stretch- 
wrapped; Hi-Sil 210 in 44-lb (30-kg) poly- 
ethylene bags; Hi-Sil 243 in 50-lb 
paper bags. 

Hi-Sil® 532 EP 

Fine-particle hydrated silica for rubber re- 
inforcing, agricultural chemicals, flow con- 


PPG Training Aides 

1 . "Be Careful with Caustic." 16 mm Sound 
Film (20 minutes). 

2. "Safety First with Chlorine." 16 mm 
Sound Film; also available in video (20 
minutes). 

3. "The Closed System Delivery." 35 mm 
Slide/Sound presentation. Describes bulk 
unloading of Pels Beads (20 minutes). 

4. "Super Bead." 35 mm Slide/Sound pres- 
entation. Describes properties of Pels* 
Beads, compares Pels Beads with flake (20 
minutes). 

5. "The Safe Handling of Pels Beads." 35 
mm Slide/Sound presentation (25 minutes). 

6. "The Case of the Sneaky Vapors" (The 
Common Sense of Solvents Safety). 35 


75 


NaOH 

ditioning, plastics, paints: 44-lb (20-kg) 
paper bags palletized and stretch-wrapped. 

Hi-Sil® T-600 

Thixotropic thickener: 20-lb bags. 

Silene ® 732 D 

Medium-reinforcing hydrated silica pigment 
for improved rubber and plastics process- 
ing: 44-lb (20-kg) paper bags palletized and 
stretch-wrapped. 

Fio-Gard® AG, CC and FF Powders 

Highly absorbent, ultrafine, hydrated, 
amorphous silicas. 

Fio-Gard® AG 110, 130, 150 

Can serve in pesticides as carriers for 
liquids, grinding aids for solid toxicants, 
suspension aids and anticaking agents. Can 
serve in animal feeds as liquid carriers and 
anticaking agents. 

Fio-Gard® CC 120, 140, 160 

Can serve as chemical carriers and flow 
control agents in the process industries. 

Fio-Gard® FF 310, 320, 330, 350, 370, 390 

Can serve as flow control and anticaking 
agents in the process industries. 

All Fio-Gard® grades are shipped in paper 
bags, palletized and stretch-wrapped. 
Grades 110, 120, 310, 320, 330: 44-lb bags. 
Grades 130, 140, 350: 25-lb bags. Grades 
150, 160, 370, 390: 10-lb bags. 

SODIUM CHLORATE 

Technical grade in bulk carloads and truck- 
loads available at Beauharnois, Quebec, 
Canada, only. 

SULFIDE COMPOUNDS 

Carbon Disulfide 

55-gal drums (550 lb net); 4,000-. 8,000-, 

10.000- , 18,000- and 20,000-gal tank cars. 

Hydrogen Sulfide 

75-lb net cylinders: 1,085-lb net tanks. 

Sodium Hydrosulfide 

Flake: 400-lb drums; liquid, 45% and 60% 
(basis 100%); tank trucks and 4,000-, 8,000-, 

10.000- and 20,000-gal tank cars. 

Sodium Sulfide 

— Training Aid #9 
Flake: 400-lb drums. 

Sodium Tetrasulfide 

— Training Aid #9 

Liquid, 34%: 55-gal drums (550 lb net). 


mm Slide/Sound presentation. Describes 
safe receiving and handling practices, and 
use of metalworking solvents (31 minutes). 

7. "Save on Solvents." 35 mm Slide/Sound 
presentation. Describes solvent conserva- 
tion practices. Lists ways to prevent waste 
(20 minutes). 

8. "The ABC's of Vapor Degreasing Con- 
version." 35 mm Slide/Sound presentation. 
Describes in step-by-step fashion the pro- 
cedure necessary to convert from trichlor- 
ethylene to Tri-Ethane* or perchlorethylene 
(15 minutes). 

9. "SSDS" (Sodium Sulfide Delivery 
System: Liquid Sodium Sulfide/Sodium 
Sulfhydrate for Bulk Systems). 35 mm 
Slide/Sound presentation (15 minutes). 


SALES OFFICES IN THE U.S . 


CHICAGO (SCHAUMBURG) ILLINOIS 60195 

1 1 00 Woodfield Road 
2 Woodfield Lake 
(312) 885-3610 


NEW YORK (FLORHAM PARK, 
NEW JERSEY) 07932 

River Edge Office Center 
Building A - 25 Veeland Road 
(201)966-1477 


CLEVELAND, OHIO 44130 

1 6600 Sprague Road 
Suite 340 
(216) 826-3600 


HOUSTON, TEXAS 77090 

530 Wells Fargo Drive 
Suite 212 
(713) 440-3770 


PHILADELPHIA (HADDONFIELD, 
NEW JERSEY) 08033 

The Centennial Building 
76 Euclid Avenue 
Philadelphia (215) 564-3390 
New Jersey (609) 428-7800 


SAN FRANCISCO (BURLINGAME) 
CALIFORNIA 94010 

851 Burlway 
Suite 518 
(415) 697-0100 



PPG INDUSTRIES, Inc. 
One PPG Place 
Pittsburgh, 15272 


The statements and methods presented about the products mentioned herein are based upon the best available data and practices known to 
PPG Industries at the present time, but are not representations or warranties of performance, results or comprehensiveness of such data, nor 
do they imply any recommendations to infringe any patent or an offer of license under any patent. 

If not property used, the products mentioned herein can be hazardous. All purchasers of these products should communicate all the health 
and safety information contained herein to their customers or employees, as the case may be. PPG Industries recommends that, before 
anyone uses or handles the products mentioned herein, he should read and understand the precautionary and other information on the 
product label, as well as in the Material Safety Data Sheet and Product Bulletin. 

Although the products mentioned herein are intended for industrial and manufacturing uses, they are potentially hazardous materials and 
must be kept out of the reach of children. 
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